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ABSTRACT 

We examine the absolute magnitudes and light-curve shapes of 14 nearby 
(redshift z = 0.004-0.027) Type la supernovae (SNe la) observed in the ultra- 
violet (UV) with the Swift Ultraviolet/Optical Telescope. Colors and absolute 
magnitudes are calculated using both a standard Milky Way (MW) extinction 
law and one for the Large Magellanic Cloud that has been modified by circum- 
stellar scattering. We find very different behavior in the near-UV filters (uvwl^c 
covering ~ 2600-3300 A after removing optical light, and u ~ 3000-4000 A) 
compared to a mid-UV filter (uvm2 ^ 2000-2400 A). The uvwl^c — b colors show 
a scatter of ~ 0.3 mag while uvm2— 6 scatters by nearly 0.9 mag. Similarly, 
while the scatter in colors between neighboring filters is small in the optical and 
somewhat larger in the near-UV, the large scatter in the uvm2— uvwl colors im- 
plies significantly larger spectral variability below 2600 A. We find that in the 
near-UV the absolute magnitudes at peak brightness of normal SNe la in our 
sample are correlated with the optical decay rate with a scatter of 0.4 mag, com- 
parable to that found for the optical in our sample. However, in the mid-UV the 
scatter is larger, ~ 1 mag, possibly indicating differences in metallicity. We find 
no strong correlation between either the UV light-curve shapes or the UV colors 
and the UV absolute magnitudes. With larger samples, the UV luminosity might 
be useful as an additional constraint to help determine distance, extinction, and 
metallicity in order to improve the utility of SNe la as standardized candles. 

Subject headings: cosmology: distance scale — ISM: dust, extinction — galaxies: 
distances and redshifts — supernovae: general — ultraviolet: general 



1. Type la Supernovae as Standard Candles 



Type la supernovae (SNe la) are among the most luminous of astrophysical events 
making them useful probes of the distant universe. S Ne la gave the first concrete evi- 



dence that the expansion of the universe is accelerating (JRiess et al.l Il998l : iPerlmutter et al. 



19991). and they have been used to constrain cosmo 



A tearris et al.ll2004J : lAstier et al.ll2006t iHicken et al 



ogical parameters such as Ho, O, and 



2009b; 



Kessler et a 



2009 ) and the nature and ev olution of dark energy (JRiess et al. 
200?! : IPreedman et al.l[2009l ). 



2004 



2007 : 



2009 



Riess et al. 



Wood-Vasey et al. 



This is possible because SNe la have a well-established relationship between their op- 
tical peak luminosity and rate of brightness decline, making them excellent standardizable 
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candles (see iBranch fc Taninianru Il992l . iBranchI Il998l . iLeibundgutI l200ll . and iFilippenko 
20051 for reviews of the subject). This standardizing is done by cahbrating the peak lumi- 
nosity with distance-independent observables such as the hght-curve shape. One common 
measure of this shape is the numbe r of ma.gnitudes the B band dechnes in the first 15 



days after maximum l ight, Ami^^B) (|Phillipslll993l : iHamuy et al.lll996al : iPhillips et al.lll999 



Garnavich et al. 2004). Another is how much the light curve must be stretche d to match a 



templa te (JGoldhaber et al.ll200ll ). or by fitting the light curves to templates ( jRiess et al. 



1996al ). The importance of distance- independent luminosity indicators has led to the devel 



opment of a large number of photome t ric and spectroscopic methods (see also \^ 



1995 



2006 



Tripp 



1998 



Mazzali et al 



Bongard et al 



2006 



1998 



Wanget al.l 12005 



Bailev et al.ll2009[ ) 



Guvet all l2005l . 12007 : 



ugent et al. 



Wang et al. 



The observed trend that more luminous SNe have broader light curves will be referred 
to here generically as the luminosity-width relation. The underlying cause of this relation is 
believed to be the amount of ^^Ni form ed in the SN explos i on and the resulting change in the 



temperature and ionization ev olution (JNugent et al.lll995l : iHoflich et al.lll996 



Mazzali et al. 



200ll : iKasen fc Woosleyl 120071 ). The exact shape of the relation is determined by the inter- 
play between ^^Ni, which contributes to the SN luminosity and affects the shape of the light 
curve via its effect on the opacity, and the total amo unt of Fe- group eleme nts produced, in- 
cluding stable isotopes which only affect the opacity (JMazzali et al. 1120071 ). There is scatter 
about this relation, which may be du e to differences in the progenito r mass or metallicity 
(JTimmes et al.ll2003l ) or asymmetries (JKasen. Ropke. fc Woosleyl l2009l ). A few pec uliar out 



liers to the lur ainosity-width relation have also been found, in cluding SNe 2000cx (JLi et al. 
200lh . 2002CX Jhi et al.lbooj ). and 2003fg JHowell et al.ll2006h . 



Mor e recent studi es ha ve expanded the s t andar d- candle utility beyond optical wave- 
lengths. iMeikld ( l2000l ) and iKrisciunas et al. I ( 12004 ) have reported that SNe la might be 
standard candles in the near-infrared (IR; JHK bands ) at the 0.2 mag level wit hout a clear 
dependence on the d ecay slope. Receii t obser vatio ns bvlWood-Vasey et al.l (l2008l ) strengthen 



this claim, although iGarnavich et al.l (120041 ) and IKrisciunas et al.l (120091 ) have shown that 
some SNe that are subluminous in the optical are also subluminous in the near-IR, possi- 
bly indicating a continuous or bimodal distribution of the near-IR absolute magnitudes of 
rapidly declining SNe. 



At shorter wavelengths, iJha et al.l (120071 ) has recently shown that the f/-band light 
curves of SNe la are standardizable, similar to the optical, and can be used to determine 
the extinction and distances. The scatter is larger than in the optical B and V bands, and 
Kessler et al.l (120091 ) have found discrepancies in determinations of cosmological parameters 
when including rest-frame M-band measurements. The source of the discrepancy is still not 
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certain, underlying the importance of understanding SN la behavior in this regime. Here 
we take the next step to shorter wavelengths, reaching beyond the atmospheric cutoff to 
compare the absolute magnitudes of SNe in the UV. 

The redshifting of the light from distant SNe leads to two approaches. One can ei- 
ther follow the well-understood rest-frame optical light by observing at longer wavelengths, 
or continue to observe in the optical and study the evolution of the rest-frame UV. For 
moderate-redshift SNe, both approaches can be taken, and the information can be combined 
to place strong constraints on the reddening and distances of the objects. At higher redshifts, 
however, fewer rest-frame optical bands are observable, especially from the ground. Thus, 
rest-frame UV observations will be crucial for future studies of high- redsh ift SNe. The util- 



i ty of the rest-frame UV has been discussed by lAldering et al.l (120071 ) and IWamsteker et al. 
(ES). 



Most UV observations of nearby SNe come from the International Ultraviolet Explorer 
flUE ), which obtained low-re solution UV spectra for about twelve SNe la near maximum 
light (ICappellaro et al. 1 119951 ) . an d the Hubble Spac e Telescope (HST) , whi ch has observed 
abo ut ten more at vario us epochs (IWang et al.ll2005l : ISauer et al.ll2008l ): see iPanagial (120031 ) 
and iFoley et al.l ( l2008bl ) for reviews of UV SN observations. The sample of rest-frame UV 
observations i s larger at higher reds hifts, because the U V emission appears in the observed 
optical bands; lEUis et al.l ( 12008! ) and JFoley et al.l ( l2008al ) find an increased dispersion in the 
near-UV region of the spectrum. 

Tests for evolutionary effects by comparing the UV region of low- and high-redshift 
SNe is limited by the paucity of low-redshift UV data. But with its fast turn-around time 
for obse rvations, flexible sch eduling, and UV capability, t he Ultraviolet Opti cal Telescope 
(UVOT; JRoming et al.ll2005l ) on board the Swift spacecraft (JGehrels et al.ll2004l ) is well suited 
to improving this situation by probin g the UV photometric behavior of SNe in greater detail 



than ever before (JBrown et al 



20091 ). In addition. Swift has been used to monitor spectra 



in the UV, and the satellite has obtained the best UV spectral sequence of a SN la to date 
(SN 2005cf: iBufano et al. I [20091 ). 



2. Analysis 

In order to determine whether SNe la are standard candles in the UV, we must be able 
to compare their absolute magnitudes. These are derived through the equation 

Mx =mx - rcx -Kx - Amw,x - ^host.x - yW, 
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where Mx is the absolute magnitude of the SN viewed through fiher X, mx is the 
apparent magnitude at maximum hght in filter X, rcx corrects for the red tails of the 
uvw2 and uvwl filters, Kx is the K-correction, Amw,x and Ahost.x are (respectively) the 
foreground (Milky Way) and host-galaxy extinction, and /i is the distance modulus. Each 
term, of course, has its own uncertainty, which must be added in quadrature to obtain the 
formal uncertainty in Mx- 



2.1. Peak Apparent Magnitudes 



This study includes the 14 Swift SNe iJIfrom lsrown et all J2OO9I ) and lMilne eraP J2010h 
(hereafter designated MIO) with low extinction {E{B — V^) < 0.5 mag) and well-sampled 
light curves in at least one UV filter. This includes two SN 1991T-like SNe (SNe 2007S 
and 2007cq; X. Wang, 2009, private communication) and two rapid decliners SN (2005ke is 
spectroscopically similar to the prototypical SN 1991bg, while spectra of SN 2007on are more 
similar to SNe with a smaller Amis (5) of ~ 1-6; M. Phillips, 2009, private communication). 
SN 2005hk, a member of the SN 2002cx-like subclass, was excluded from this study. Some 
UVOT filter characteristics are listed in Table [TJ Observations of each object began at or 
before maximum light in the optical and continued for at least two w'e eks. The underlying 
galaxy light has been subtracted from the SN light (JBrown et al.ll2009l ) and the magnitudes 
have been calibrated to the Vega system (jPoole et al.ll2008l ). Detailed analysis of the light- 
curve shapes and colors will be presented by MIO; here we focus on the peak magnitudes 
derived therein. 

The apparent magnitudes at maximum (mx) for our sample were derived by MIO from 
fitting the data near peak brightness with a Gaussian rise and decay, or, for less well-observed 
SNe, fitting a mean template light curve for that filter derived from other SNe la. More details 
on the generation of the UVOT templates and the fitting techniques are provided by MIO. 
The peak magnitudes in the three UV filters and uhv are given in Table |2l To improve our 
estimates of the SN peak magnitudes, we have supplemented our UVOT observations with 
some ground-based data. Specifically, we have combined Johnson B and V observations with 
UVOT h and v measurements; these two systems are similar enough that for the pu rposes of 



this study the data are interchangeable, even without color terms or S-correctionqj (JLi et al. 



^SN 2007cv, which is included here, has not previously been spectroscopically classified as a la. A UVOT 
spectrum of SN 2007cv showed it to be similar to that of SN la 2005cf (Bufano 2007, private communication) . 



^S-corrections account for differences in filter shapes (jStritzinger et al. Il2002f) . IWang et al.l (|2009l ) show 
the S-corrections for SN 2005cf from UVOT hv to BV to be < 0.02 mag near maximum light. 
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20061 : iPoole et al.ll2008l ). To avoid confusion, however, we treat UVOT u as distinct from 
Joh nson U. Althou gh we expect that the trends seen in u will be similar to those found for U 
(see 



Jha et al.ll2007l ). the bluer bandpass of UVOT u makes transformations difficult, and the 



data may not be directly comparable. The values of Arrii^lB), the amount in magnitudes 
that the -B-band curve declines in the 15 days after maximum light, from UVOT or the 
literature, are also given in Table [2l 



2.2. Red Tail Correction 



While the UV filters have the bulk of their transmission in the near-UV, the red tails 
of uvwl and uvw2 combined with the very red SN la spectral shape result in a redder dis- 
tribution of received photons compared to the transmission curves. The uvm2 filter does 
not have this problem, since its transmission curve is well blocked at longer wavelengths. 
To visualize the photons UVOT should detect from a SN la near maximum light, we mul- 
tiplied the SN 1992A UV-optical spectrum taken at 5 days after maxim um light with HS T 
(JKirshner et al.lll993l ) with the effective area curves of the UVOT filters (jPoole et al.ll2008l ). 
The resulting photon distributions are displayed in Figure [TJ The photon-weighted effective 
wavelengths (where an equal number of observed photons are longer and shorter than the 
given wavelength) are listed in Table [TJ 

In order to better understand the intrinsic UV fiux and for comparison with high- 
redshift observations, it is desirable to estimate the amount of fiux coming from the tails 
and subtract it off. To do this, we first define new filter curves, which we designate UYw2rc 
and uvwl^c (for "red corrected"). These take the latest calibration of the effective areas 
of the uvw2 and uvwl filters (Landsman, CALDB document, in preparation). From the 
uvw2 effective area at 2200 A (3000 A for uvwl^c), the new curves decrease linearly to zero 
at 2500 A (3300 A for uvwl^c). These curves, and the corresponding photon distribution 
for the SN 1992A spectrum, are displayed as dashed lines in Figure [H New zeropoints are 
determined by passing the spectrum of Vega through the filters and setting its magnitude to 
zero, thus placing these magnitudes on the Vega system: ZP ^2rr = 17.25 and Z P^irc = 17.34 
mag, compared to ZPuvw2 = 17.35 and ZP^^^i = 17.49 mag (jPoole et al.ll2008l ). The UVOT 
magnitudes are determined by mx = — 2.51og(/ X/hcf\Ex,\dX) + Z pty. For each SN, w e 
started with one of three spectra: the iJ^T spectrum of SN 1992A from lKirshner et al.l (119931 ). 



a maximum-light template from iNugent et al. I J 20021). whi c h inc orporated additional lUE 
UV spectra, or a maximum-light template from lHsiao et al.l (120071 ). which added more HST 
UV spectra and rest-frame UV spectra from higher redshift SNe. The input spectrum was 
shifted to the rest frame of the SN and multiplied by a spline function passing through 
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the Vega effective wavelengths of the UVOT fihers (uvw2 excluded here) and the ratio of 
the synthetic to the observed counts in each filter. The uvw2 and v ratios were also used 
to anchor the spline at the end points of the spectrum, 1600 A and 8 000 A, respectively . 
Such a color correction to the spectrum is referred to as "mangling" fJHsiao et al.l 120071 ). 
This procedure was repeated until the count rates from the mangled spectrum matched the 
photometry. 

To account for the red tails, after the first iteration the uvw2 and uvwl ratios were 
scaled by the fraction of the counts in the UV portion (from the previous iteration) in order 
to better approximate the flux at the reference wavelength. The uvw2 ratio was set to zero 
when the counts through the tail of the filter already accounted for all of the observed counts. 
The spectrum was passed through the original and "red corrected" filters (e.g., uvw2 and 
uvw2rc), and the magnitude difference was used to transform the observed magnitudes to red 
tail corrected magnitudes such that uvw2rc = uvw2— rc„,2- This was repeated twenty times 
for each of the three template spectra, each time randomly offsetting the peak magnitudes 
consistent with the photometric errors and repeating the mangling and synthetic photometry. 
The mean and standard deviation were taken to be the correction and its corresponding error. 
This procedure is not unhke the S-corrections used to correct observations to a standard filter 
set from filters covering a similar wavelength range but with transmission varying from the 
standard filter set. In this case the two filters are by definition identical everywhere except 
at the long- wavelength tail. 

The fraction of the estimated counts in each "red-corrected filter" to that of the original 
filter, and the correction in magnitudes, is listed in Table [31 For uvwl^c this fraction varies 
from 0.68 down to 0.29, corresponding to a change in magnitudes (including the different 
zeropoint) of 0.22 to 0.82 mag. For uvw2rc the largest fraction is 0.45, corresponding to a 
magnitude difference of 0.63. Several have essentially no flux in the uvw2rc fllter, with the 
magnitude of the fraction and correction being largely dependent on how much the iterative 
mangling depressed the UV portion before the iterations stopped. While this could signify 
extreme variations in the UV flux, it is more likely indicative of less extreme, but nonetheless 
very signiflcant, spectral variations in the UV that are not well replicated by mangling 
the available spectral templates. The shape of these varia t ions can be explo red through 
theoretical modeling (JHoflich et al.l Il996l : iLentz et al.l l2000t ISauer et al.l 120081 ) or through 
additional UV spectra, such as those obtainable with the Cosmic Origins Spectrograph (COS) 
on the refurbished HST. Recent theoretical modeli ng does indicate th at changes in metallicity 
have the largest effect in this wavelength region (ISauer et al.ll2008l ). and comparisons with 
the growing Swift SN sample should put observational constraints on the metallicity range 
of the observed SNe. Since the correction factors for uvw2rc are large and uncertain, we will 
exclude them from our analysis of absolute magnitudes. 



For comparison with our SN la corrections, and for more general use, similar correction 
factors were also computed for a large sample of spectra, including stars, galaxies, black- 
bodies, and other SNe. These are detailed in Appendix A. Figure |2] shows the correction 
factors as a function of the UV— 6 colors along with the sample of SNe la studied here. The 
correction factors for a subsample of these are tabulated in Appendix A. Especially for uvw2, 
the red-tail correction is not a monotonic function of a single color, but different sources of 
the same color have corrections differing by up to half a magnitude at uvw2— 6 r^ 2. Beyond 
that, the corrections are too steep to be reliable, but the UV would account for less than 10% 
of the detected counts anyway. For objects whose general classification is known, the red 
correction can be determined using the observed UV magnitude and an optical magnitude 
(which could be obtained from the ground). Otherwise, multiple colors are likely necessary 
to accurately determine the correction factors in the absence of a suitable template spectrum. 

Returning to the SN corrections, the SN la colors and calculated corrections place them 
roughly on the track of the blackbody and stellar spectra. The uvw2^.c corrections are also 
broadly consistent with low-temperature blackbodies and late-type stellar spectra, but on 
the steep dropoff where small changes in color correspond to large corrections. This makes 
the corrections highly uncertain, as differences in the UV spectral shape or errors in the 
photometry can easily result in an incorrect estimate of the UV flux. Thus, the uvw2 filter 
will be excluded from this analysis pending further study. 



2.3. K-corrections 



Despite the low redshift range of our sample, K-corrections ( lOke fc Sandage 1119681 ) are 
non-negligible due to the sharp drop in the SN flux at shorter wavelengths. Thus, even 
a small shift of the spectrum to longer wavelengths results in less flux being transmitted 
through the UV filters. To estimate the effect of the K-correction, we have used the template 
UV spectra mangled to match the observed photometry as described in §2.21 The mangled 
spectrum was then deredshifted by the host-galaxy redshift, and the synthetic photometry 
was repeated. The K-correction was then the difference between the observed magnitude 
of the redshifted spectrum and th e observed magnitude of the rest-frame spectrum plus the 
fiux-dilution factor 2.51og(l + z) ( lOke fc Sandage Ill968l ). 



The derived K-corrections for each SN ar e listed in Table HI The K-corrections in 6 

fl2002h . 



and V are small, as previousl y determiiied by iHamuy et al.l (119931 ): iNugent et al. 



but are larger in the UV (see iJha et al.l |2006| for a discussion of ground-based f/-band K- 
corrections). Uncertainties were estimated from the difference in the K-corrections after 
offsetting the observed photometry by the photometric errors and repeating the mangling 
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and determination of K-corrections. 

More multi-epoch UV spectra of a range of SNe la are needed to better understand the 
UV photometry (including K-corrections) and how much the spectra vary with time and 
among objects. Spectral differences between SNe may have different effects than accounted 
for by the mangling, particularly for the SN 1991T and SN 1991bg subtypes. The bulk 
differences, however, are taken care of by the manglin g, and the dif f erenc es in t he red-tail and 
K-cor rections between the SN 1992A spectrum, the iHsiao et al.l (120071 ) and iNugent et al. 
( I2OO2I ) templates, and even a flat spectrum after mangling are small in the filters considered. 
Only uvw2 shows significant differences due to the lack of a reliable flux point at shorter 
wavelengths. 



2.4. Correcting for Extinction 

The extinction to a SN has multiple components, as light from the SN can be extin- 
guished by dust surrounding the progenitor, in the host galaxy, in between galaxies, and 
in the Milky Way . The latter is easy to estimate: w e can simply use the reddening maps 
of ISchlegel et al. I (Il998[ ). and apply a ICardelli et al. I ( 119891 ) extinction law with Ry = 3.1, 
corresponding to the average value in the MW. This provides a lower limit to the amount 
of attenuation undergone by the SN. Estimating the amount of extinction from the other 
sources, and thus the total line-of-sight extinction, is more difficult. 

To estimate the total reddening, we can take advantage of the fact that most SNe la have 
similar post-maximum color evolution in the optical and peak optical colors related to their 
AniiQ^B) value. The observed colors can therefore be compared to the expected colors to 
produce an estimate of the reddening. Table 5]lists three differeri t estimates of this redde ning, 
one based on the color at peak brightness (jPhillips et al.l Il999l : iGarnavich et al.l 120041). one 



using the supernova color 30 to 60 days after maximum light (JLira 



1995 



Phillips et al. 



I999I ). and t wo derived from the updated yersion of the multi-color li ght-curve shape method 



(MLCS2k2; iRiess et al. Ill996al: Ijha et al.l 120071 : iHicken et al.ll2009af ). For MLCS2k2 we use 
the values of iHicken et al.l (l2009al ) derived using the MW value of Ry = 3.1 as well as the 
Rv = 1.7 value which they find gives the best results; these are referred to hereafter as 
MLCS31 and MLCS17, respectively. In the final analysis, we first adopt the appropriate 
MLCS2k2 reddening if available, because it considers the colors at all epochs. Otherwise, we 
use the average of the reddening values determined from the tail and peak colors if available, 
or just the peak reddening. From the total reddening toward the SN determined by the SN 
colors with the above methods, the contribution from the MW along the line of sight in the 
Schlegel et al. I ( 119981 ) reddening maps is subtracted, and the rest is considered together as 
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the host-galaxy reddening. The reddening from the MW and host-galaxy (determined with 
different methods) are listed in Table 5. 



The iPhillips et al.l (Il999[ ) color relation only applies to the range 0.9 <Ami5(i?)< 1.6 
mag, so for the rapidly declining SNe 2005ke and 2007on (Am ^ ^(B) equal to 1.77 and 1.89 
mag, respectively) we use the relationship of iGarnavich et al.l (120041 ). Both of these SNe, 
however, appear to have peculiar colors. SN 2005ke is very red at peak, which could be 
interpreted as a significant reddening oi E{B — V) ^ OA mag, but the later tail colors and 
MLCS2k2 fitting (see below) imply a very small host-galaxy reddening, and no interstel- 
lar absorption from the host is detectable in high-resolution spectra (Foley 2008, private 
communication). SN 2007on appears very blue at peak, which results in a negative extinc- 
tion correction when compared with the peak or tail colors for SNe of similar decay rates; 
hence, we set the host reddening t o be equal to zero. The optical decay rate is also affected 
by reddening (IPhillips et al.l 119991 ) . so wherever we use Ami5(_B), the corrected decay rate 
Ami^{B)true is implied (though this affects the SNe in our sample by at most 0.05 mag). 

The next step is to convert from the E{B — V) reddening to the extinction in each 
filter. The wavelength dependence of the extinction curves toward SNe is not completely un- 
derstood, though several well-studied, highly ext inguished SNe la have been found to hav e 



extinction differing from that in the MW (e.g., lElias-Rosa et al.l l2006l : IWang et al.l 120081 ) 



and many samples have shown SNe to have systeraatically lower va l ues of Ry than the 
canonical MW va 



Nobih fc Goobar 



20081: 



ue of 3.1 fe.g.. iRiess et al. Ill996bl: |Jha et al 



Kessler et al. 



20071 : iHicken et al.l l2009bl : 



20091 : iFolateUi et al. II2OIOI ). Whether the UV extinc- 



tion follows the ICardelli et al. I (119891 ) parameterization according to Ry is also uncertain, 
and t he intrinsic reddening law o f circumstellar material might be modified by geometric ef- 
fects (IWangjl2005l : iGoobar II2OO8I). For this study we will calculate the host extinction using 
the Ry = 3.1 extinction law of ICardelli et al. I (119891 ) correspondi ng to tha t of the MW (and 
hereafter designated as MW), and the circumstellar LMC law of iGoobar I (120081 ) (hereafter 
referred to as CSLMC)extended into the UV (Goobar 2010, private communication). The 
ratios of total to selective extinction for these curves are plotted in Figure [31 In particular, 
we point out that while the CSLMC ratio is smaller in the optical, consistent with that found 
in optical studies, the curves cross over in the u band and are much larger in the UV. The 
true extinction may not correspond to either of these laws, as grain size and distribution 
may effect the strength of the mid-UV bump and the far-UV rise, and the total extinction 
may be the sum of components with differing wavelength dependence. It is clear, however, 
that the UV region is a very sensitive probe of these effects, and future work will include 
folding these UV data into a multi-wavelength study of extinction. MIO explores a color 
relation that might be employed to study UV extinction. 
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To study the effect of extincti on in each filter for a SN spectrum, we took the HST 



UV-optical spectrum of SN 1992 A (JKirshner et al.lll993l ) and extinguished it with the MW 



extinction law and differing amounts of E{B — V) reddening. We calculated the effective 
extinction in each UVOT filter by comparing syn thetic photome try in the reddened and 



unreddened spectra. The same was done with the iGoobar I (120081 ) CSLMC extinction law. 
This method is preferred to using a single wavelength (e.g., central, peak, or effective wave- 
length) to represent the entire filter, since that wavelength is not necessarily representative 
of the integrated photon distribution. 

For a general understanding of the behavior of the extinction laws, we followed the 
above steps for a range oi E{B — V) values and fit it with an analytic function. Usually, 
the total extinction through a given filter. Ax, is related to the differential extinction in 
a linear fashion. Ax = RxE{B — V). Indeed, this is the case for the UVOT u, b, and v 
filters, all the way through E{B — V) = 2 mag. However, as Figure H] illustrates by plotting 
Ax/E{B — V), the relationship for the UVOT UV filters is highly nonlinear. For both 
extinction curves, the coefficients for a quadratic fit for A\ in terms of E{B — 'V\ such that 
A\ = RixE{B — V) + R2^\E{B — Vy , are given in Tabled! As evidenced by those coefficients 
and Figure m the quadratic term is unnecessary in the optical but important in the UV. This 
can be understood in terms of the flux distribution: because dust preferentially extinguishes 
bluer photons, the effective wavelength of the UVOT broad-band filters becomes redder as 
the extinction increases. However, this dependence on the spectral shape also means that 
the extinction coefficients vary with the significantly different colors of the SNe. 

To account for both of these effects, extinction coefficients were determined for each SN 
individually as part of the mangling described above. The observer-frame mangle d spectrum 



was first dereddened by the Ry = 3.1 MW law based on the lSchlegel et al. I (119981 ) reddening, 
and extinction coefficients were determined such that Rx = Ax/E{B — V). While the effect 
of MW reddening will change with redshift, in particular as the 2200 A bump moves in 
relation to the broad emission and absorption features in the UV spectrum of the SN, the 
differences are dominated by the varying spectral shapes of the SNe. These are tabulated in 
Table 6. Rx values for a variety of sources are tabulated in Appendix B, and the coefficients 
for the SNe are consistent with those of other sources with similar colors. After this the 
spectrum was deredshifted to the SN host frame, and dereddened based on the estimated 
host E{B — V) together with the Ry = 3.1 MW law and the CSLMC law, and host extinction 
coefficients determined as above. 
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2.5. Determining the Distances 

Five of our SN host galaxies have independent distance estimates or are in groups whose 
distances are known from various techniques. NGC 524 (host galaxy of SN 2008Q), NGC 
1404 (host galaxy of SN 2007on), the Fornax Cluster (host to SN 2005ke in NGC 1371), 
and the Hydra Cluster (host to SN 200 7cv in NGC 3311) a l l have distances from the surface 



brigh tness fluctuation (SBF) method (jjensen et al.l l2003l : iTonry et al.l l2001t iMieske et a. 



20051 ). These were all placed on the same absolute scale (based on the (iFreedman et al.ll200ll ) 



measurement of the Hubble constant) by adj usting thelTonrv et al.l ( 1200 ll ) measurements by 
0.16 mag, to match the IR-based zeropoint of iJensen et al.l (120031 ). Additionally, SN 2005am 
(in NGC 2811) and SN 2005df (in NGC 1559) have distance moduli from the luminosity vs. 
line width (TuUy-Fisher) relation, though we do not use the measurement for NGC 2811 
because of its large (0.8 mag) uncertainty (JTuUy et al.lll992[ ). The adopted distances are 
listed in Table [3 

For the remaining SNe, we adopted a distance ba sed on the recessi on velocities of 
their host gala xies, a model for the local velocity flow ( jMould et al.l 120001 ) . and Hq = 72 
km s~^ Mpc~^ (IFreedman et al.ll200ll ). We ignore the stated 8 km s~^ Mpc~^ uncertainty in 
the Hubble constant since an error would cause a shift in the absolute magnitudes but not 
affect the scatter, which is our primary measure of the standardizability of SNe la in the UV. 
The Hubble- flow distances for all of the SNe are listed in Table |7|, along with an uncertainty 
which is based on a possible peculiar motion of 150 km s~^, but in the subsequent analysis we 
use only the Hubble-flow distances for the SNe which do not have an independent distance 
measurement. 

Finally, we check our distance estimates by exploiting the fact that SNe la are stan- 
dardizable candles in the optical. Table |7] gives the distance measured using MLCS2k2 with 
both Rv = 3.1 and 1.7 (sc aled to the same Hp = 72 scale used above. Eight of these SN 
distances were reported by iHicken et al.l (l2009al ) and an MLCS2k2 distance with Ry = 3.1 
for SN 2005df was reported by MIO. Of the nine SNe with MLCS2k2 distances, six of the 
SN distances are within la of the adopted distance, and three are about 2a away (with the 
uncertainties added in quadrature). 

We also used NEEJ^I and HyperLedacI (jPaturel et al.ll2003l ) to fin d the Hubble morpho- 



logica l type (translated from the de Vaucouleurs scale when necessary; Ide Vaucouleurs et al. 



199ll ). The classifications and individual references are given in Table H The majority of 



■^ http://nedwww.ipac. caltech.edu/. 
^http://leda. univ-lyonl.fr. 
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the SNe in our sample are found in late-type galaxies. Of those in early-type galaxies, the 
hosts of SNe 2005cf, 2006dni, and 2006ej are distorted by interactions with other galaxies, 
so the progenitor could have arisen from relatively recent star formation. A larger sample of 
SNe arising from older stellar populations is needed to compare UV properties from different 
environments. 



Results 



3.1. Peak Pseudocolors vs. Reddening 

We first examine the peak colors to verify that our extinction correction does not leave 
or create any bias in the colors. Figure E] plots the difference between the maximum UV 
magnitude of the normal SN and its maximum b magnitude, corrected for reddening based 
on the Galactic and adopted host-galaxy reddening and the MW and CSLMC extinction 
laws, as a function of the host reddening. These "pseudocolors" are relatively constant 
with R{B — V), so no reddening law is clearly better. The two SNe with the highest host 
reddening are also the SNe with the broadest optical light curves of the sample, and neither 
are detected in the uvm2, so it would be difficult to draw strong conclusions based on them. 
A similar exercise done with a larger sample of moderately extinguished SNe is needed to 
determine if one of the reddening laws is superior. Deeper observations in the uvm2 filter are 
also required to get a better handle on the UV extinction, where the differences are largest, 
without the uncertainties of the red-tail correction. 

The uncertainty in the reddening also propagates to a higher uncertainty in the extinc- 
tion because of the large extinction coefficients in the UV. For example, a modest change 
in E{B — V) of 0.05 mag (the dispersion in the Lira relation; iPhillips et al.l Il999l ) shifts 
^m2 by ~ 0.4-0.7 mag. However, this large lever arm can provide useful constraints on 
the measurement of interstellar reddening, just as expanding the wavelength range of the 
measurements in the other direction to the near-IR has already increased the accuracy of 



extinction corrections (JElias-Rosa et al.ll2006l : iKrisciunas et al.l 120071 : iMandel et al. II2009I ) 



3.2. Peak Pseudocolors vs. Amis (5) 

Without the added uncertainties from distances, we can take a first look at how stan- 
dard the UV peak magnitudes are by comparing them with the standardizable optical peak 
magnitudes. Figure [6] shows the UV-optical pseudocolors of each supernova at maximum, 
plotted against optical decay rate. Amis (5). The colors are relatively fiat with respect 
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to Ami5(_B). SN 2005ke, at Amis (5) = 1-77 mag, appears as a red outlier in u — b and 
uvwlrc — b, but not in uvm2— 6. Not e that our u — b plot does not show the reddening trend 
present in ground-based U — B data (jjha et al.ll2006l ). However, considerin g that the UVOT 
u-hand filter is bluer than Johns on U, and that the reddening trend seen by lJha et al.l (120061 ) 
reverses at shorter wavelengths (JFoley et al.ll2008bl ). this result is reasonable. 



Average reddening-corrected colors for our SNe with Anii^lB) < 1.6 mag are listed in 
Table [3 The colors corrected with the CSLMC law are up to 0.15 mag bluer due to the 
steeper correction, but the differences in the scatter are 0.03 mag or less. In the following we 
compare the scatter in different colors using the MW-corrected values but the trend is the 
same for the CSLMC law. Compared to the 0.07 mag scatter in the b — v colors, the scatter 
increases modestly in the u — b and uvwl^c — b bands to 0.13 and 0.25 mag respectively. 
The uvm2— 6 colors scatter by 0.97 mag and show no correlation with Amis (5), evidence of 
very different behavior in the mid-UV which does not follow the one-parameter family that 
dominates the optical luminosity-width relation. 

Considering colors of neighboring bands gives one a crude view of the spectral shape and 
variability between objects. These colors are displayed in Figure [71 We see that uvwl^c — u 
has a modestly larger scatter as does u — b, but that of uvm2— uvwl^c is much larger. While 
the differences are very small in the 4000-6000 A {bv) regions, they become modestly larger 
over the intervals 3000-5000 A and 2500-4000 A. The region shortward of -- 2500 A is 
found to be much more diverse. Also of note is that while SN 2005ke is red in b — v, u — b, 
and uvwl^c — u, it appears normal in uvm2— uvwLrc, suggesting that the strong spectral 
differences do not exte nd as far in the U V. In a comparison of th e near-UV spectra of high- 
redshift SNe la, both lEUis et al.l (120081 ) and iFoley et al.l ( l2008al ) found an increase in the 
spectral diversity shortward of ~ 3700 A. Computing colors for those spectr a in the UVOT 



filters would allow the best comparison of the dispersion and the UV shape (ISullivan et al. 
20091 ) at low and high redshifts. 



3.3. Absolute Magnitudes 

Tables I9l and [TOl list the absolute magnitudes for all of our SNe computed using the 
apparent magnitudes of Table 121 the red-tail correction for uvwl of Table 131 the K-corrections 
of Table HI the MW and host-galaxy reddenings (corrected with the MW and CSLMC 
extinction laws) of Table 13 and the independent or Hubble-fiow distance moduli of Table Ul 
These absolute magnitudes are plotted in Figures El and l9l with respect to the extinction- 
corrected optical decay rate Ami5{B) from either UVOT or ground-based observations (also 
listed in Tables P and ITUl for easier identification of the SNe). 
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The absolute magnitudes in the optical and UV, calculated with either the MW or 
CSLMC extinction law, show similar behavior for low values of Amis (5). Within the range 
0.9 < Ami5(-B) < 1.6 mag, the v, b, u, and uvwl^c absolute magnitudes scatter about the 
average by ~ 0.4-0.5 mag (Table [TTl) . The uvm2 absolute magnitudes have a larger dispersion 
of ~ 1 mag. Fitting the absolute magnitudes of the SNe with respect to Amis (5) within 
the range 0.9 < Ami^lB) < 1.6 mag, we find a slightly steeper slope at shorter wavelengths, 
though the scatter in uvm2 is especially large and the fit not well constrained. The scatter 
about the linear fit decreases to ~ 0.3-0.4 mag in the v, b, u, and uvwl^c filters. To estimate 
the intrinsic scatter along such a linear relation, we tested how much scatter needed to be 
added in quadrature to the estimated uncertainties in order for the reduced x^ to be near 
unity. No intrinsic scatter is required for the v, b, u, and uvwl^c filters — the reduced x^ 
values are much less than unity, indicating that the observed scatter is consistent with the 
estimated uncertainties and that those uncertainties might be overestimated. So while the b 
and V scatter apparent in Fig ures [8] and [9] is larger than that found for most other samples of 



SNe la (typically ~ .2 mag; iHamuy et al.lll996al : iPhillips et al.lll999l : lAltavilla et al. 



2004 



Garnavich et al.ll2004l ). it is consistent with our estimated uncertainties. 



In the uvm2, however, the absolute magnitudes do require an additional scatter to have 
an acceptable reduced x^- The amount of intrinsic dispersion required is 0.8 mag for the 
MW extinction law and 0.4 mag for the CSLMC law. This reduction is likely due to the 
larger uncertainties in the extinction due to the much larger value of -Ruvm2- That intrinsic 
scatter is required above the observational errors is significant, considering that the optical 
absolute magnitudes have intrinsic scatter masked by our errors. 

Since a significant fraction of the scatter in the optical and near-UV could come from the 
Hubble-fiow distances, the absolute magnitudes were also computed using the SN-derived 
MLCS31 (MLCS17) distances. For the subsample of normal SNe with MLCS31 (MLCS17) 
distances, this drops the scatter in the absolute magnitudes in v, b, u, and uvwl^c from 
0.18, 0.23, 0.16, and 0.21 (0.20, 0.28, 0.19, and 0.25) mag to 0.15, 0.15, 0.22, and 0.22 (0.11, 
0.13, 0.22, and 0.22) mag, respectively. The scatter drops in the optical, as is expected for a 
distance calculation based on the optical magnitudes, but the near-UV scatter is not changed 
significantly. The uvm2 scatter actually increases slightly from 0.88 to 1.00 (0.90 to 0.99) 
mag, reinforcing the conclusion that most of the scatter in uvm2 is intrinsic. 

Our two SNe having high values of Ami5{B) are much harder to interpret. SNe 2005ke 
is significantly fainter than the rest of the sample in the UV filters as well as in the optical, 
where it is fainte r than other subluminous SNe with the same decay rate, represented by the 
Garnavich et al.l ( 20041) relation pl o tted i n grey in Figures [8] and [91 Conversely, SN 2007on is 
brighter than the iGarnavich et al.l (120041 ) relation and in the UV has an absolute magnitude 
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comparable to that of the normal SNe la. Philhps (2009, private communication) reports 
that spectroscopically SN 2007on appears more similar to SNe having Arrii^lB) Ri 1.6 mag, 
suggesting that Am^^(B) is not a goo d discriminator for the most rapidly declining SNe. 



Recent work by lKrisciunas et al.l (|2009[ ) shows that SNe la may exhibit a bimodal distribution 
in the near-IR and optical absolute magnitudes in this range of Ami5(S), hence similar 
differences in the UV should not be surprising. 



3.4. Search for Photometric UV Luminosity Indicators 

The optical light of the highest-redshift SNe will be hard to observe, so it would be 
valuable to have a distance-independent luminosity indicator observable in the UV data to 
calibrate the magnitudes either as a proxy for Ami5{B) or as a separate luminosity indicator. 
Unfortunately, no such parameter has yet been found in our photometry. 



MIO parameterized the shapes of UV light curves in a manner similar to that of lPhillips 



( 119931 ) ■ measuring the amount a supernova fades in the first 15 days a fter maximuni light . 
However, as was noticed after the first five SNe la observed with Swift (jimmler et al.ll2006l ). 
the early uvwl light curves of all our SNe la are similar. As shown in Figure [101 the range of 
Ar7ii5(uvwl) is only ~ 0.5 mag (compared to the ~ 1 mag difference between slow and fast 
decliners in the optical). Moreover, within that small range, there is no correlation between 
Amis (uvwl) and Ami5(_B) or the uvwl^c absolute magnitude. The range of decay rates 
is larger in the uvm2 band, but again, the scatter in the absolute magnitude vs. optical 
decay-rate relation is much stronger than any systematic trend. MIO do find a correlation 
between the optical decay rate and the time that the light curve breaks from its steep to 
shallow decay, but there is no clear correlation between the time of the break and the UV 
absolute magnitudes. 

Correlations between the absolute magnitudes and peak colors would be most useful, 
since following a UV light curve as it fades would be increasingly more difficult at higher 
redshifts. The UV colors in our small sample, however, do not show a strong correlation 
between the UV colors and Ami^^B), displayed in Figure [61 Figure [TTI directly compares the 
UV absolute magnitudes vs. UV colors, which is what would be very useful for measuring 
distances using only UV observations. There is no clear correlation except in uvm2, where 
we essentially see the absolute magnitudes correlate with the colors because of the large 
dispersion in uvm2 compared to uvwl^c- 



Foley et al.l (l2008bl ) have reported a possible correlation between the peak luminosity 



of a SN la and its spectral slope between 2770 A and 2900 A. While most Swift grism 
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spect r a do not have sufficie ntly high signal-to-noise ratio to measure this ratio (JBufano et al 
20091 ). Foley et al.l ( l2008bl ) suggested that UVOT colors might exhibit the same trend, but 
Figure [T2] shows that the correlation is not seen in the photometric colors of the larger 
bandpasses. However, as the scatter in our optical absolute magnitudes is consistent with the 
observational errors, it would be difficult to find a correlation with the intrinsic differences. 
The broad-band filters may also wash out the spectral features or exaggerate small errors in 
the extinction. 



4. Discussion 

The UV absolute magnitudes of this sample of SNe la seem to show two distinct types 
of behavior. At near-UV wavelen gths (2500-4000 A) probed by UVOT uvwl,.c and u and by 
ground-based U (jjha et al.ll2006l ). the absolute magnitudes show a similar relationship to the 
optical decay rate Arrii^^B) as do the optical absolute magnitudes. As shown in Table [TT| 
for this sample the scatter in the absolute magnitudes of SNe la at peak is comparable in the 
near-UV and optical. Howeve r, this scatter is higher than that found in the optical for larger 
samples (typically ^0 .2 mag; iHamuy et al.lll996al : iPhillips et al.lll999l : lAltavilla et al.l 12004 : 
Garnavich et al.ll2004l ). and the UV scatter could be significantly higher. If larger samples 
put tighter limits on the intrinsic dispersion, the near-UV could be useful for measuring 
luminosity distances. This would be most valuable at higher redshifts where fewer optical 
bands are available, to put multi-color constraints on the reddening and distance. How useful 
they could be depends on the intrinsic scatter, which is hard to measure in this sample due to 
its small size and large observational un certainties. While larger samples are now available in 
U (jJha et al.ll2006l : iHicken et al.ll2009a[). the space-b ased UV sample is still relatively small — 
comparable to the 9 objects used by iPhillipd (Il993l ) to discover the peak absolute magnitude 
vs. decline-rate relation. Just as the systematics of optical absolute magnitudes have been 
refined with larger samples of objects, an increased number of UV measurements is needed to 
better understand the behavior of SNe in the UV. The origin and wavelength dependence of 
extinction, and the uncertainty in the red-tail and K-corrections due to intrinsic differences 
in the UV spectra, are needed to improve the utility of the near-UV SN photometry. 

Conversely, the absolute magnitudes in the mid-UV (2000-2500 A, the UVOT uvm2 
band) exhibit a large scatter and therefore are less useful for distance determinations. Study- 
ing the cause of that scatter in nearby events, however, should assist us in understanding the 
SN la phenomenon, as well as the effect that different reddening laws or host environments 
have on distance estimates. 



Metallicity differences have been suggested as a possible second parameter in the optical 
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maximuni magnitude vs. rate of decline relation (e.g., iMazzali fc Podsiadlowskill2006[ ). A 
metallicity-dependent component to the absolute magnitudes could resu lt in an evolutionary 
bias a s one observes higher-redshift SNe with likely different metallicities (|Podsiadlowski et al. 



20061 ). A concern already for the optical, this could be even more critical in the UV where the 



metallicity plays a strong role in the revers e- fluorescence emission (IMazzali II2OOOI: ISauer et al. 



20081 ) as well as in the line blanketing (see lLentz et al.ll2000t iDominguez et al. 11200 ll ). More- 
over, a change in metallicity could also bias SN-b ased extinction measurem ents which are 
calibrated using the B — V color of local objects (IDominguez et al. II2OOII ). A better un- 
derstanding c ould be reached throu gh detailed studies of the ages and metallicities of SN 
host galaxies (JGallagher et al.l |2008[ ) observed in the UV, and by a sear ch for correlations 
of such measures with the UV luminosity and colors ( ISauer et al.ll2008l ). If a correlation 
can be found, then the UV data might provide leverage in probing the metallicity depen- 
dence on the optical brightness and its evolution with redshift, thus making SNe la even 
better standardized candles in the optical. There is disa greement as to whether metallicities 



have already been found to affect optical measurements (JGallagher et al.ll2008l : iHowell et al. 
2009h . 



In general, the measurements of SNe la in the UV are hindered by the low UV flux caused 
by metal line blanketing and extinction, yet the strong sensitivity to these effects makes 
the UV region important for constraining these parameters. Thus, while rest-frame UV 
measurements may not be ideal for cosmological distance measurements, the understanding 
gleaned from UV data of local events will shed light on the important effects of extinction 
and metallicity and how they might evolve with redshift, thereby improving the reliability 
of SNe la as cosmological standard candles. 
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A. Red-Tail Corrections for Other Sources 



Vega magnitudes in tlie nominal UVOT filters and our red-tail-corrected uvw2rc and 
uvwlr-c were generated for a large sample of different sources. For stars we used the empirical 
stellar spectra database of lPickled (Il998l ). Most of the Pickles spectra of later type stars (G 
and beyond) have zero flux in the UV, and those are ex cluded h e re. A representative UV- 
optical galaxy spectrum for the main Hubble types from iMcCalll (120041 ) was used, together 
with synthetic spectra of a single burst of star formation viewed at one an d fifteen Gyr 
computed using the model code PEGASE (JFioc fc Rocca-Volmerangd 119971 ). Blackbody 
curves corresponding to temperatures ranging from 2,000 to 35,000 K were also used, a s 
were HST IJV spectra from a SN of each major t ype: SNe 1992A (l a; iKirshner et al.lll993l ). 
19941 (Ic; Ijeffervet al.1ll994h . and 1999em (IIP; JBaron et al.lboooh . Various UV and UV- 
optical colors as well as the red-leak correction factors were determined for each spectrum, 
and these are tabulated for a subset of spectra in Table [121 

The shape of the filter curves also strongly affects the calculation of the flux density 
for different spectral shapes. For comparison of the flux of different objects, we keep the 



refere nce wavelength flxed at the effective wavelengths determined for Vega ( jPoole et al. 



20081 ) rather than allowing them to vary with the spectral shape. For each spectrum and 
filter, we determine the fiux conversion factor by dividing the average fiux density in a 50 A 
window centered on the reference wavelength by the count rate of the spectrum through 
that filter. Thus, one multiplies the observed count ra te by the conversion factor to get 
the approximate fiux-density value. iPoole et al.l ( 120081 ) presented average fiux conversion 
factors for a set of stellar and gamma-ray burst (power-law) models. Here we expand on 
this by giving the fiux conversion factors individually for the set of spectra in Table [T31 In 
Figure US] we show the fiux conversion factors varying strongly with the UV-optical color. 
Accounting for this variation is critical for computing the UV fiux for red objects, as the 
average conversion factors assume an average fiux distribution, while for red objects the 
observed counts are heavily biased to the red end of the filter curves. 



B. Extinction Coefficients 



Extinction coefiicients are used to convert a measure of reddening to the total extinction 
in a given filter X as in Ax = Rx xE{B — V). Since the extinction is a function of wavelength 
and the filters have nonzero width, the effect of the reddening depends on the spectral shape 
being extinguished. Since in general extinction increases to shorter wavelengths, a blue 
source is more effic iently extinguished th an a red source. Below we extinguish the same set 



of spectra by the (jCardelli et al. I Il989l ) Ry = 3.1 MW extinction curve or the (JGoobar 
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20081 ) circumstellar LMC extinction law for E{B — V) = 0.1 mag. The magnitude difference 
between the extinguished and unextinguished spectra gives the extinction in each filter. The 
coefficients are plotted in Figures [T3] and [TS] and tabulated in Tables [H] and [TBI 
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Table 1. UVOT Filter Characteristics 



Filter 


\ a 
^central 


FWHM 


-^eflF.Vega 


Aeff.SNIa'^ 


-Rmw, 1,-^ 


Rmw, 2, X 


-RcSLMC, 1,-^ 


-RcSLMC,2,X 




(A) 


(A) 


(A) 


(A) 


(mag) 


(mag) 


(mag) 


(mag) 


uvw2 


1941 


556 


2030 


3064 


6.20 


-0.95 


6.77 


-2.07 


UVw2rc 


1941 


556 




2010 


8.60 


-0.18 


14.58 


-0.75 


uvm2 


2248 


514 


2231 


2360 


8.01 


-0.85 


11.33 


-3.13 


uvwl 


2605 


653 


2634 


3050 


5.43 


-0.41 


5.58 


-1.17 


UVWlrc 


2605 


653 




2890 


6.06 


-0.13 


7.33 


-0.39 


U 


3464 


787 


3501 


3600 


4.92 


-0.03 


4.68 


-0.17 


b 


4371 


982 


4329 


4340 


4.16 


-0.04 


3.06 


-0.09 


V 


5441 


730 


5402 


5400 


3.16 


-0.01 


1.81 


-0.01 



*^Acentrai IS the Wavelength midway between the wavelengths at which the effective area is equal to half the 
maximum effective area. 

^AeflF,vega ref ers to the photon- weighted effective wavelength of the Vega spectrum after passing through 
the filter from IPoole et all J2008[ l. 



'^Aeflf.sNia refers to the photon-weighted effective wavelength of the SN 1992A after passing through the 
filter. Ri^x and R2,x are the extinction coefficients such that Ax = Ri,xE{B — V) + R2,xE{B — VY. They 
were calculated using the SN 1992A spectrum a. 
Milky Way (MW) extinction law wi th Ry = 2,.l { 



5 days after max imum brightness, extinguished by the 



Cardelli et al. Ill989l ) or the circumstellar Large Magellanic 



Cloud (LMC) extinction law from ( IGoobar II2008I ). They should not be used to calculate the extinction to 
arbitrary sources observed with UVOT, and these terms can vary even for SNe la. 



to 



Table 2. Apparent Magnitudes at Maximum Light 



Name 


Ami5(5) 


uvw2'^ 


uvm2 


uvwl 


u 


b 


u 


ref^ 






(mag) 


(mag) 


(mag) 


(mag) 


(mag) 


(mag) 


(mag) 






SN 2005am 


1.52 ± 0.04 


16.95 ± 0.08 


18.26 ± 0.13 


15.35 ± 0.06 




13.90 ± 0.04 


13.75 ± 0.03 


1,2 




SN 2005cf 


1.07 ± 0.03 


16.83 ± 0.08 


18.32 ± 0.19 


15.11 ± 0.07 


13.41 ± 0.05 


13.54 ± 0.02 


13.53 ± 0.02 


3,3 




SN 2005df 


1.21 ± 0.05 


15.61 ± 0.07 


16.85 ± 0.09 


13.90 ± 0.07 




12.50 ± 0.10 


12.40 ± 0.10 


4,4 




SN 2005ke 


1.77 ± 0.01 


18.41 ± 0.11 


18.87 ± 0.15 


17.09 ± 0.09 


15.52 ± 0.07 


14.92 ± 0.05 


14.22 ± 0.05 


5,U 




SN 2006dm 


1.54 ± 0.06 


18.93 ± 0.13 




17.63 ± 0.09 


15.99 ± 0.07 


16.17 ± 0.05 


16.13 ± 0.05 


1,U 




SN 2006ej 


1.39 ± 0.11 


18.73 ± 0.13 


18.46 ± 0.14 


17.00 ± 0.08 


15.47 ± 0.06 


15.93 ± 0.05 


15.80 ± 0.10 


1,U 




SN 2007S 


0.92 ± 0.08 






17.80 ± 0.14 


15.86 ± 0.07 


15.94 ± 0.05 


15.53 ± 0.05 


u,u 




SN 2007af 


1.22 ± 0.05 


16.50 ± 0.09 


17.12 ± 0.15 


14.77 ± 0.07 


13.16 ± 0.07 


13.39 ± 0.05 


13.25 ± 0.05 


u,u 




SN 2007CO 


1.09 ± 0.02 


20.11 ± 0.20 




18.80 ± 0.15 


16.99 ± 0.07 


16.86 ± 0.05 


16.69 ± 0.05 


u,u 


bO 


SN 2007cq 


1.04 ± 0.03 


18.61 ± 0.13 


18.53 ± 0.19 


17.53 ± 0.11 


16.12 ± 0.06 


16.27 ± 0.05 


16.17 ± 0.10 


2,U 


^ 


SN 2007CV 


1.33 ± 0.05 


18.47 ± 0.13 


19.60 ± 0.22 


16.83 ± 0.09 


15.08 ± 0.06 


15.30 ± 0.05 


15.15 ± 0.05 


u,u 




SN 2007on 


1.89 ± 0.05 


15.65 ± 0.05 


15.78 ± 0.05 


14.36 ± 0.05 


12.93 ± 0.05 


13.14 ± 0.05 


13.06 ± 0.05 


5,U 




SN 2008Q 


1.40 ± 0.05 


16.42 ± 0.05 


17.09 ± 0.08 


14.84 ± 0.05 


13.39 ± 0.05 


13.85 ± 0.05 


13.80 ± 0.05 


u,u 




SN 2008ec 


1.08 ± 0.05 


18.86 ± 0.17 




17.30 ± 0.11 


15.62 ± 0.07 


15.83 ± 0.05 


15.70 ± 0.05 


u,u 




^la errors 




















^References are given for 


the Ami5{B) and 6v peak magnitudes while the UV maxima are all UVOT measurements from 




(Milne et al. 


2010). 





References. — (U) UVOT, MIO; (1) Li et al. 2006; (2) KAIT, MIO; (3) Pastorello et al. 2007; (4) ANU, MIO; (5) CSP, 
Stritzinger et al., in preparation. 
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Fig. 1. — In the top panel, the ifST spectrum of SN 1992A (JKirshner et al.lll993l ) at ~ 5 days 
after maximum brightness is plotted with respect to the six UVOT filters on a logarithmic 
scale to reveal the structure in the low-flux UV region. The six lower panels show the 
distribution of photons resulting from the SN 1992A spectrum passing through the six UVOT 
filters. 
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Table 3. Red- Tail Corrections of SNe la near Maximum Light 

SN w2rc fraction'^ rctt,2'^ wl^c fraction rc„,i 

(mag) (mag) 

-0.36 ± 0.05 
-0.47 ± 0.06 
-0.35 ± 0.06 
-0.79 ± 0.22 
-0.26 ± 0.07 
-0.69 ± 0.21 
-0.82 ± 0.46 
-0.47 ± 0.10 
-0.71 ± 0.36 
-0.30 ± 0.12 
-0.45 ± 0.12 
-0.28 ± 0.05 
-0.22 ± 0.04 
-0.41 ± 0.18 

^w2rc and wl^c fractions refer to the fraction of the counts in the uvw2 
(uvwl) fiher that would pass through the red-tail corrected uvw2rc (uvwl^c) 
filter. 

^rcx is the magnitude difference, including a zeropoint correction, be- 
tween synthetic photometry in the nominal filter and with the red-tail cut- 
off. The lo" error is estimated by offsetting the observed magnitudes by the 
la errors and repeating the spectral mangling and synthetic spectropho- 
tometry. 



SN 2005am 


0.08 


-2.35 ± 0.31 


0.59 


SN 2005cf 


0.04 


-2.78 ± 0.38 


0.51 


SN 2005df 


0.10 


-2.26 ± 0.27 


0.62 


SN 2005ke 


0.22 


-1.28 ± 0.23 


0.39 


SN 2006dm 


0.20 


-1.50 ± 0.26 


0.66 


SN 2006ej 


0.45 


-0.63 ± 0.17 


0.44 


SN 2007S 


0.11 


-1.08 ± 0.39 


0.29 


SN 2007af 


0.12 


-1.69 ± 0.25 


0.51 


SN 2007CO 


0.16 


-1.16 ± 0.45 


0.37 


SN 2007cq 


0.42 


-0.56 ± 0.17 


0.60 


SN 2007CV 


0.07 


-2.29 ± 0.41 


0.51 


SN 2007on 


0.43 


-0.80 ± 0.10 


0.67 


SN 2008Q 


0.20 


-1.46 ± 0.17 


0.68 


SN 2008ec 


0.10 


-1.81 ± 0.31 


0.53 
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Fig. 2. — Red-tail corrections for the uvw2 and uvwl filters plotted with respect to the 
uvw2— 6 and uvwl— 6 colors for a variety of object classes. 



Table 4. K-Corrections for SNe la Near Maximum Light 



Name 


Kuvm2 


J^wlrc 


K„ 


Kb 


K^ 


(mag) 


(mag) 


(mag) 


(mag) 


(mag) 


(mag) 


SN 2005am 


0.12 ± 0.01 


0.10 ± 0.01 


0.04 ± 0.01 


-0.01 ± 0.01 


-0.00 ± 0.01 


SN 2005cf 


0.10 ± 0.01 


0.09 ± 0.01 


0.04 ± 0.01 


-0.01 ± 0.01 


-0.00 ± 0.01 


SN 2005df 


0.06 ± 0.01 


0.05 ± 0.01 


0.02 ± 0.01 


-0.01 ± 0.01 


-0.00 ± 0.01 


SN 2005ke 


0.02 ± 0.01 


0.05 ± 0.01 


0.05 ± 0.01 


0.00 ± 0.01 


0.00 ± 0.01 


SN 2006dm 


0.26 ± 0.08 


0.25 ± 0.01 


0.06 ± 0.01 


-0.02 ± 0.01 


0.00 ± 0.01 


SN 2006ej 


0.01 ± 0.03 


0.22 ± 0.02 


0.08 ± 0.01 


-0.04 ± 0.01 


0.01 ± 0.01 


SN 2007S 


0.07 ± 0.10 


0.28 ± 0.04 


0.11 ± 0.03 


-0.01 ± 0.01 


0.04 ± 0.01 


SN 2007af 


0.04 ± 0.01 


0.07 ± 0.01 


0.03 ± 0.01 


-0.01 ± 0.01 


-0.00 ± 0.01 


SN 2007CO 


0.12 ± 0.13 


0.31 ± 0.03 


0.12 ± 0.03 


-0.01 ± 0.01 


0.02 ± 0.01 


SN 2007cq 


0.05 ± 0.06 


0.21 ± 0.02 


0.07 ± 0.02 


-0.02 ± 0.01 


0.01 ± 0.01 


SN 2007cv 


0.10 ± 0.02 


0.10 ± 0.01 


0.04 ± 0.01 


-0.01 ± 0.01 


-0.00 ± 0.01 


SN 2007on 


0.02 ± 0.01 


0.06 ± 0.01 


0.03 ± 0.01 


-0.01 ± 0.01 


-0.00 ± 0.01 


SN 2008Q 


0.08 ± 0.01 


0.09 ± 0.01 


0.03 ± 0.01 


-0.02 ± 0.01 


-0.00 ± 0.01 


SN 2008ec 


0.18 ± 0.06 


0.21 ± 0.01 


0.06 ± 0.01 


-0.02 ± 0.01 


0.00 ± 0.01 
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Table 5. E{B — V) Color-Excess Measurements 



Name 



MW' 



a,f) 



Peak^ 



Tail 



;id 



MLCSSr 



MLCS17 



SN 2005am 
SN 2005cf 
SN 2005df 
SN 2005ke 
SN 2006dm 
SN 2006ej 
SN 2007S 
SN 2007af 
SN 2007CO 
SN 2007cq 
SN 2007cv 
SN 2007on 
SN 2008Q 
SN 2008ec 



0.05 ± 0.01 
0.10 ± 0.02 
0.03 ± 0.01 
0.02 ± 0.01 
0.04 ± 0.01 
0.04 ± 0.01 
0.03 ± 0.01 
0.04 ± 0.01 
0.11 ± 0.02 
0.11 ± 0.02 
0.07 ± 0.01 
0.01 ± 0.01 
0.08 ± 0.01 
0.07 ± 0.01 



0.13 ± 0.06 

-0.01 ± 0.05 

0.13 ± 0.15 

0.44 ± 0.08 

0.05 ± 0.08 

0.18 ± 0.12 

0.53 ± 0.08 

0.17 ± 0.08 

0.16 ± 0.08 

0.10 ± 0.12 

0.14 ± 0.08 

-0.45 ± 0.08 

0.02 ± 0.08 

0.16 ± 0.08 



0.02 ± 0.05 
0.16 ± 0.04 
0.02 ± 0.10 
0.04 ± 0.03 
-0.03 ± 0.14 
0.32 ± 0.19 
0.38 ± 0.05 
0.09 ± 0.05 



-0.11 ± 0.08 



0.06 ± 0.03 
0.09 ± 0.04 
0.03 ± 0.03 
0.08 ± 0.03 

0.03 ± 0.02 
0.41 ± 0.03 
0.13 ± 0.03 
0.19 ± 0.04 
0.06 ± 0.04 



0.01 ± 0.02 
0.07 ± 0.04 

0.02 ± 0.02 

0.01 ± 0.02 
0.27 ± 0.03 
0.07 ± 0.03 
0.13 ± 0.04 
0.04 ± 0.03 



'^Milky Way E{B - V) value from lSchlegel et al. I (|l998l l. 

^Icr errors. 

'^Host E{B — V) determined from the peak magnitudes ab ove according to the 



intrinsic B — V versus l^mi^{B) relations of lPhillips et al.l (|l999l ) and lGarnavich et al. 
(|2004l ). 



Host E{B — V) det ermined using the L ira relation and the B — V colors 30-60 days 
after maximum light (jPhillips et al.lll999l ). 



'^Host EjB - V) d erived from MLCS2k2 fitting (j Jha et al.1 l2007l ^ using iiy = 3.1 
(|Hicken et al.l l2009bl l . 



^Host E{B - V) d erived from MLCS2k2 fitting (| Jha et al.l l2007l ) using Ry = 1.7 
(JHicken et al.ll2009bl b 
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Table 6. Extinction Coefficients 



Name 


Reddening** 


-Ruvm2 


-Kuvwlrc 


Ru 


Rb 


Rv 


SN 2005am 


MWMW 


6.96 ± 0.16 


5.86 ± 0.02 


4.95 ± 0.02 


4.17 ± 0.00 


3.16 ± 0.00 


SN 2005cf 


MWMW 


6.78 ± 0.24 


5.83 ± 0.03 


4.93 ± 0.02 


4.17 ± 0.00 


3.16 ± 0.00 


SN 2005df 


MWMW 


7.07 ± 0.15 


5.89 ± 0.02 


4.95 ± 0.02 


4.17 ± 0.01 


3.16 ± 0.01 


SN 2005ke 


MWMW 


8.28 ± 0.31 


6.20 ± 0.18 


4.90 ± 0.02 


4.12 ± 0.01 


3.15 ± 0.00 


SN 2006dm 


MWMW 


7.34 ± 0.40 


5.95 ± 0.06 


4.96 ± 0.02 


4.16 ± 0.01 


3.16 ± 0.00 


SN 2006ej 


MWMW 


8.84 ± 0.23 


6.57 ± 0.35 


4.91 ± 0.02 


4.18 ± 0.01 


3.15 ± 0.00 


SN 2007S 


MWMW 


8.28 ± 0.53 


6.40 ± 0.62 


4.91 ± 0.04 


4.14 ± 0.01 


3.15 ± 0.00 


SN 2007af 


MWMW 


7.77 ± 0.25 


5.96 ± 0.05 


4.93 ± 0.02 


4.18 ± 0.01 


3.16 ± 0.00 


SN 2007co 


MWMW 


8.13 ± 0.61 


6.25 ± 0.50 


4.91 ± 0.04 


4.13 ± 0.01 


3.15 ± 0.00 


SN 2007cq 


MWMW 


8.46 ± 0.29 


6.37 ± 0.20 


4.94 ± 0.03 


4.15 ± 0.01 


3.15 ± 0.00 


SN 2007cv 


MWMW 


7.13 ± 0.32 


5.86 ± 0.04 


4.94 ± 0.02 


4.17 ± 0.01 


3.16 ± 0.00 


SN 2007on 


MWMW 


8.35 ± 0.10 


6.20 ± 0.04 


4.95 ± 0.02 


4.18 ± 0.01 


3.16 ± 0.00 


SN 2008Q 


MWMW 


7.56 ± 0.13 


5.96 ± 0.02 


4.96 ± 0.02 


4.19 ± 0.01 


3.16 ± 0.00 


SN 2008ec 


MWMW 


7.40 ± 0.44 


5.91 ± 0.06 


4.94 ± 0.03 


4.16 ± 0.01 


3.15 ± 0.00 


SN 2005am 


host MW 


6.94 ± 0.15 


5.90 ± 0.02 


4.97 ± 0.02 


4.21 ± 0.00 


3.19 ± 0.00 


SN 2005cf 


host MW 


6.66 ± 0.22 


5.73 ± 0.04 


4.93 ± 0.02 


4.20 ± 0.00 


3.18 ± 0.00 


SN 2005df 


host MW 


7.06 ± 0.14 


5.91 ± 0.02 


4.96 ± 0.02 


4.19 ± 0.01 


3.18 ± 0.01 


SN 2005ke 


host MW 


8.23 ± 0.32 


6.19 ± 0.16 


4.91 ± 0.02 


4.13 ± 0.01 


3.17 ± 0.00 


SN 2006dm 


host MW 


7.47 ± 0.39 


6.09 ± 0.06 


5.03 ± 0.02 


4.25 ± 0.01 


3.24 ± 0.00 


SN 2006ej 


host MW 


8.93 ± 0.22 


6.67 ± 0.34 


4.98 ± 0.03 


4.27 ± 0.01 


3.23 ± 0.00 


SN 2007S 


host MW 


8.09 ± 0.54 


6.33 ± 0.48 


4.97 ± 0.04 


4.23 ± 0.01 


3.23 ± 0.00 


SN 2007af 


host MW 


7.66 ± 0.25 


5.96 ± 0.05 


4.95 ± 0.02 


4.20 ± 0.01 


3.18 ± 0.00 


SN 2007CO 


host MW 


8.08 ± 0.59 


6.29 ± 0.40 


4.99 ± 0.04 


4.24 ± 0.01 


3.25 ± 0.00 


SN 2007cq 


host MW 


8.53 ± 0.27 


6.47 ± 0.17 


5.02 ± 0.04 


4.26 ± 0.01 


3.25 ± 0.00 


SN 2007CV 


host MW 


7.02 ± 0.29 


5.88 ± 0.03 


4.96 ± 0.02 


4.20 ± 0.01 


3.18 ± 0.00 


SN 2007on 


host MW 


8.39 ± 0.09 


6.17 ± 0.05 


4.95 ± 0.02 


4.21 ± 0.01 


3.18 ± 0.00 


SN 2008Q 


host MW 


7.56 ± 0.13 


6.00 ± 0.02 


4.99 ± 0.02 


4.22 ± 0.01 


3.19 ± 0.00 


SN 2008ec 


host MW 


7.36 ± 0.41 


5.98 ± 0.05 


4.99 ± 0.03 


4.23 ± 0.01 


3.21 ± 0.00 


SN 2005am 


host CSLMC 


9.74 ± 0.39 


7.10 ± 0.06 


4.85 ± 0.06 


3.13 ± 0.01 


1.83 ± 0.00 


SN 2005cf 


host CSLMC 


8.96 ± 0.54 


6.97 ± 0.06 


4.79 ± 0.06 


3.11 ± 0.00 


1.83 ± 0.00 


SN 2005df 


host CSLMC 


9.92 ± 0.37 


7.12 ± 0.05 


4.81 ± 0.06 


3.10 ± 0.01 


1.82 ± 0.01 


SN 2005ke 


host CSLMC 


13.13 ± 0.82 


7.89 ± 0.43 


4.68 ± 0.06 


3.02 ± 0.01 


1.82 ± 0.00 


SN 2006dm 


host CSLMC 


11.08 ± 1.01 


7.55 ± 0.16 


5.02 ± 0.07 


3.20 ± 0.01 


1.89 ± 0.00 
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Table 6 — Continued 



Name 



SN 2006ej 
SN 2007S 
SN 2007af 
SN 2007CO 
SN 2007cq 
SN 2007CV 
SN 2007on 
SN 2008Q 
SN 2008ec 



Reddening'^ 



R 



uvm2 



R 



uvwlrc 



Ru 



Rb 



Rv 



host CSLMC 
host CSLMC 
host CSLMC 
host CSLMC 
host CSLMC 
host CSLMC 
host CSLMC 
host CSLMC 
host CSLMC 



14.82 ± 0.57 
12.03 ± 1.38 
11.45 ± 0.65 
12.36 ± 1.55 
13.79 ± 0.70 
9.46 ± 0.67 
13.47 ± 0.24 

11.27 ± 0.33 

10.28 ± 0.97 



8.98 ± 0.85 
7.93 ± 1.01 
7.24 ± 0.11 
7.95 ± 0.92 
8.48 ± 0.44 
7.01 ± 0.07 
7.98 ± 0.11 
7.34 ± 0.05 
7.21 ± 0.10 



4.87 ± 0.08 
4.85 ± 0.11 
4.78 ± 0.06 
4.90 ± 0.11 
4.99 ± 0.10 
4.80 ± 0.06 
4.84 ± 0.06 
4.89 ± 0.07 
4.89 ± 0.08 



3.22 ± 0.01 

3.17 ± 0.01 
3.11 ± 0.01 

3.18 ± 0.01 
3.20 ± 0.01 
3.11 ± 0.01 
3.13 ± 0.01 

3.15 ± 0.01 

3.16 ± 0.01 



1.88 ± 0.00 

1.89 ± 0.00 ""The reddeni 
1.82 lb O.OOdeter mining thi 



1.91 ± 0.00 
1.90 ± 0.00 
1.83 ± 0.00 

1.83 ± 0.00 

1.84 ± 0.00 
1.86 ± 0.00 



'The extinct 




1000 



2000 



3000 4000 5000 

Wavelength [Angstroms] 



6000 



Fig. 3. — The ratio of selective to total extinction for the MW ( ICardelli et al. Ill989l ) and 



CSLMC (JGoobar II2008I ) extinction laws plotted as a function of wavelength with the UVOT 
effective area curves. 
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Fig. 4.— Ax divided by E{B -V) asa function of E{B - V) for the six UVOT filters. The 
MW values are plotted in the left panel and the CSLMC in the right. 



Table 7. Host Galaxies and Distances 



Name 


Host Galaxy 


Type 


Redshift 


/i/ 


W'' 


AtMLCSSl'^ 


^mlcsit'^ 


Ref^ 










v/c 


(mag) 


(mag) 


(mag) 


(mag) 






SN 2005am 


NGC 2811 


Sa 


0.00789 


32.67 ± 0.23 




32.54 ± 0.10 


32.56 ± 0.10 


1,2 




SN 2005cf 


MCG-01-39-003 


SO pec 


0.00646 


32.59 ± 0.24 




32.58 ± 0.10 


32.58 ± 0.08 


1,3 




SN 2005df 


NGC 1559 


SBc 


0.00435 


31.04 ± 0.40 


30.91 ± 0.31 


31.72 ± 0.20 




1,4,5 




SN 2005ke 


NGC 1371 


Sa 


0.00488 


30.91 ± 0.43 


31.70 ± 0.19 


32.00 ± 0.08 


31.92 ± 0.05 


1,4,6 




SN 2006dm 


Arp 295A 


Sc 


0.02202 


34.70 ± 0.17 








7,2 




SN 2006ej 


NGC 191A 


SO 


0.02045 


34.51 ± 0.17 




34.97 ± 0.10 


34.86 ± 0.11 


7,8 




SN 2007S 


UGC 5378 


Sb 


0.01388 


33.89 ± 0.18 




33.84 ± 0.10 


34.22 ± 0.07 


7,7 




SN 2007af 


NGC 5584 


Sc 


0.00546 


32.31 ± 0.26 




32.29 ± 0.10 


32.30 ± 0.08 


1,4 




SN 2007CO 


MCG+05-43-016 


Sbc 


0.02696 


35.30 ± 0.16 




35.38 ± 0.10 


35.42 ± 0.08 


9,10 




SN 2007cq 


PGC 214810 


Sbc 


0.02500 


35.09 ± 0.16 




35.16 ± 0.12 


35.08 ± 0.10 


9,11 


00 


SN 2007CV 


IC 2597 


E 


0.00756 


32.50 ± 0.24 


33.07 ± 0.20 






7,12,13 




SN 2007on 


NGC 1404 


E2 


0.00649 


32.09 ± 0.28 


31.45 ± 0.19 






14,14,15 




SN 2008Q 


NGC 524 


S02/Sa 


0.00794 


32.54 ± 0.24 


31.74 ± 0.20 






1, 16,15 




SN 2008ec 


NGC 7469 


Sab 


0.01632 


34.16 ± 0.18 








1,17 





'^Hubble- flow distance includes a local velocity flow correction and calculates a distance assuming Hq = 72 km s ^ Mpc ^. 
A dispersion of 150 km s^^ is included in the la uncertainties. 

Independent (from redshift and the SN properties) distances. 

'^Distance modulus calculated based on MLCS2k2 fitting. 

'^The first reference is for the host type, the second is for the redshift measurement (obtained from NED), and the third is 



for the independent distance if given. 
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Fig. 5. — UV— 6 colors of the SNe la with Ami5(-B) < 1.6 mag without extinction correction 
and after correction for Galactic and host-galaxy reddening (corrected with the MW and 
CSLMC extinction laws). For the observed colors, the abscissa corresponds to the MLCS31 
host reddening. Since the MLCS17 model gives a different value for the host reddening, 
the same SNe do not always line up vertically. There does not appear to be any significant 
difference in the extinction-corrected colors, though the sample is small and the SNe in our 
sample with the highest reddening values also have the lowest values of Arrii^^B). 
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Table 8. UV-Optical Peak Pseudocolors 



Color 


Observed 


MW 


MW+host(MW) 


MW+host(CSLMC) 




(mag) 


(mag) 


(mag) 


(mag) 


b — V 


0.15 ± 0.11 


0.09 ± 0.12 


-0.03 ± 0.07 


-0.02 ± 0.09 


n-b 


-0.28 ± 0.16 


-0.33 ± 0.15 


-0.43 ± 0.13 


-0.49 ± 0.14 


uvwl— 6 


1.32 ± 0.26 


1.25 ± 0.27 


1.13 ± 0.22 


1.05 ±0.21 


UVWlrc — b 


1.73 ± 0.38 


1.65 ± 0.39 


1.39 ± 0.25 


1.24 ± 0.26 


uvm2— 6 


3.61 ± 0.91 


3.39 ± 0.98 


3.17 ±0.97 


3.02 ± 0.94 


uvm2— uvwl 


2.37 ± 0.71 


2.23 ± 0.77 


2.09 ± 0.77 


1.99 ± 0.76 


uvm2— uvwlrc 


2.00 ± 0.72 


1.86 ± 0.77 


1.80 ± 0.77 


1.74 ± 0.76 


uvwl— -u 


1.59 ± 0.17 


1.56 ± 0.18 


1.53 ± 0.18 


1.51 ± 0.18 


uvwlrc — u 


2.01 ± 0.32 


1.98 ± 0.34 


1.78 ± 0.23 


1.68 ± 0.21 



Note. — Average colors and the root-mean square (RMS) scatter for the SNe with 
Ami5(-B) < 1.6 mag without any extinction corrections, with only MW extinction, with 
MW extinction and host-galaxy extinction corrected with the MW extinction law, and 
with MW extinction corrected with the MW extinction law and the host extinction cor- 
rected with the CSLMC law. 
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Fig. 6. — Peak UV— 6 pseudocolors plotted with respect to their optical decay rate Amis (5). 
The colors have been corrected for Galactic and host reddening using the MW extinction 
law. SN 2005ke, at Arrii^lB) = 1.77 mag, is much redder than the other SNe in u — b 
and uvwlrc — b, but not so different in uvm2— 6. The same behavior is seen when the host 
reddening is corrected with the CSLMC law. 
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Fig. 7. — Various extinction corrected colors plotted with respect to the optical decay rate 
Ami5{B). While many subluminous SNe la can be identified in the optical by their very red 
colors, SN 2007on does not follow this trend, and the UV colors of both SNe 2005ke (which 
is very red in 6 — f and u — b) and 2007on are similar to those of normal SNe la. The same 
behavior is seen when the host reddening is corrected with the CSLMC law. 
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Fig. 8. — UV and optical absolute magnitudes, calibrated with independent or Hubble- 
flow distances, plotted with respect to their optical decay rate Ami^^B). The host-galaxy 
reddening was corrected using the MW law. Similar to the optical, the absolute magnitudes 
in the u and uvwl bands become slightly fainter with Anii^^B) for the SNe with 0.9 < 
Ami5{B) < 1.6 mag. Black lines show a fit to the absolute magnitudes with respect to 
Amis (5). The absolute magnitudes in the uvm2 filter show considerably more scatter and 
are only poorly fit with Am,i5{B). SN 2005ke is even fainter in the optical and near-UV filters 
than one wo uld expect based on its Amis (5), but SN 2007on is brighter. The grey lines 
represent the iGarnavich et al.l (120041 ) absolute magnitudes in B and V, with the dispersion 
of 0.2 mag represented by the width of the line. 
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Fig. 9. — UV and optical absolute magnitudes, calibrated with independent or Hubble- 
flow distances, plotted with respect to their optical decay rate Ami^^B). The host-galaxy 
reddening was corrected using the CSLMC law. The plot is very similar to Figure [HI with the 
moderately extinguished SN 2007S on the left side being the only one that moves significantly 
compared to the others. 



Table 9. Absolute Peak Magnitudes Corrected with the MW Extinction Law 



Name Ami^^B) 



uvm2 



uvwlr 



u 



SN 2005am 
SN 2005cf 
SN 2005df 
SN 2005ke 
SN 2006dm 
SN 2006ej 
SN 2007S 
SN 2007af 
SN 2007CO 
SN 2007cq 
SN 2007CV 
SN 2007on 
SN 2008Q 
SN 2008ec 



1.52 -15.34 ± 0.35 

1.07 -15.65 ± 0.41 

1.21 -14.56 ± 0.40 
1.77 -13.70 ± 0.37 
1.54 

1.39 -16.65 ± 0.31 
0.92 

1.22 -16.51 ± 0.39 
1.09 

1.04 -18.01 ± 0.42 

1.33 -15.04 ± 0.66 

1.89 -15.79 ± 0.23 

1.40 -15.50 ± 0.66 
1.08 



-17.75 ± 0.31 
-18.20 ± 0.34 
-17.09 ± 0.38 
-14.51 ± 0.37 
-17.58 ± 0.53 
-17.48 ± 0.32 
-18.32 ± 0.55 
-18.12 ± 0.35 
-17.96 ± 0.49 
-18.53 ± 0.34 
-17.12 ± 0.55 
-16.94 ± 0.22 
-17.38 ± 0.54 
-18.03 ± 0.56 



-20.16 ± 0.31 

-16.73 ± 0.26 
-19.20 ± 0.45 
-19.45 ± 0.21 
-20.32 ± 0.26 
-20.00 ± 0.31 
-19.90 ± 0.27 
-19.86 ± 0.26 
-19.06 ± 0.46 
-18.61 ± 0.21 
-18.89 ± 0.46 
-19.75 ± 0.45 



-19.25 ± 0.28 
-19.84 ± 0.29 
-18.66 ± 0.36 
-17.21 ± 0.24 
-18.87 ± 0.38 
-18.82 ± 0.20 
-19.80 ± 0.23 
-19.60 ± 0.30 
-19.68 ± 0.24 
-19.49 ± 0.24 
-18.63 ± 0.40 
-18.34 ± 0.21 
-18.30 ± 0.40 
-19.28 ± 0.39 



-19.29 ± 0.26 
-19.66 ± 0.27 
-18.70 ± 0.34 
-17.81 ± 0.22 
-18.85 ± 0.31 
-18.93 ± 0.21 
-19.81 ± 0.22 
-19.58 ± 0.28 
-19.58 ± 0.21 
-19.45 ± 0.23 
-18.58 ± 0.33 
-18.42 ± 0.20 
-18.26 ± 0.33 
-19.20 ± 0.32 



00 



Note. — These absolute magnitudes assume a MW extinction law for the Galactic and host-galaxy 
extinction. Hubble-flow distances are used unless an independent distance is known (and listed in Table 
[7]). The extinction-corrected Ami^{B) value is given for easier identification of individual SNe in the 
absolute- magnitude plots. 



Table 10. Absolute Peak Magnitudes corrected with the CSLMC extinction law 



Name Ami^^B) 



uvm2 



uvwlr 



SN 2005am 
SN 2005cf 
SN 2005df 
SN 2005ke 
SN 2006dm 
SN 2006ej 
SN 2007S 
SN 2007af 
SN 2007CO 
SN 2007cq 
SN 2007CV 
SN 2007on 
SN 2008Q 
SN 2008ec 



1.52 -15.02 ± 0.34 

1.07 -15.63 ± 0.49 

1.21 -14.88 ± 0.89 
1.77 -13.33 ± 0.40 
1.54 

1.39 -16.55 ± 0.36 
0.92 

1.22 -16.33 ± 0.48 
1.09 

1.04 -18.00 ± 0.56 

1.33 -15.38 ± 0.83 

1.89 -15.79 ± 0.25 

1.40 -15.57 ± 0.95 
1.08 



-17.47 ± 0.29 
-18.13 ± 0.39 
-17.29 ± 0.67 
-14.19 ± 0.36 
-17.65 ± 0.65 
-17.38 ± 0.33 
-17.86 ± 0.57 
-17.87 ± 0.37 
-17.79 ± 0.54 
-18.46 ± 0.39 
-17.27 ± 0.63 
-16.94 ± 0.23 
-17.41 ± 0.64 
-18.23 ± 0.65 



-20.02 ± 0.32 

-16.44 ± 0.24 
-19.20 ± 0.45 
-19.35 ± 0.21 
-19.58 ± 0.25 
-19.70 ± 0.31 
-19.59 ± 0.28 
-19.75 ± 0.26 
-19.04 ± 0.45 
-18.61 ± 0.21 
-18.88 ± 0.46 
-19.73 ± 0.45 



-19.02 ± 0.25 
-19.66 ± 0.28 
-18.70 ± 0.42 
-16.95 ± 0.21 
-18.82 ± 0.32 
-18.73 ± 0.19 
-18.91 ± 0.22 
-19.29 ± 0.28 
-19.29 ± 0.22 
-19.36 ± 0.22 
-18.48 ± 0.33 
-18.34 ± 0.20 
-18.28 ± 0.34 
-19.11 ± 0.32 



-19.11 ± 0.24 
-19.49 ± 0.26 
-18.70 ± 0.36 
-17.60 ± 0.20 
-18.78 ± 0.24 
-18.85 ± 0.20 
-19.00 ± 0.20 
-19.31 ± 0.27 
-19.22 ± 0.19 
-19.33 ± 0.21 
-18.39 ± 0.26 
-18.42 ± 0.20 
-18.24 ± 0.26 
-18.98 ± 0.24 






Note. — These absolute magnitudes assume a MW extinction law for the Galactic reddening and the 
CSLMC extinction law for the host-galaxy reddening. Hubble-flow distances are used unless an independent 
distance is known (and listed in Table [T]). The extinction-corrected Ami5{B) value is given for easier 
identification of individual SNe in the absolute- magnitude plots. 



-45- 



Table 11. Mean Absolute Magnitudes of SNe la with 0.9 < /\mi^{B) < 1.6 mag 



Filter 


Ex model 


Mean Abs Mag 


RMSavg 


slope^ 


Magi.i" 


RMSfit 






(mag) 


(mag) 




(mag) 


(mag) 


M, 


CSLMC 


-18.95 


0.38 


0.92 


-19.08 


0.33 


Mh 


CSLMC 


-18.97 


0.40 


1.01 


-19.12 


0.33 


Mu 


CSLMC 


-19.48 


0.36 


1.24 


-19.63 


0.24 


-'"uvwl 


CSLMC 


-17.92 


0.36 


0.82 


-18.05 


0.31 


-'^uvwl,rc 


CSLMC 


-17.73 


0.39 


1.41 


-17.95 


0.29 


J^uvm2 


CSLMC 


-15.92 


1.02 


3.54 


-16.59 


0.88 


M, 


MW 


-19.16 


0.49 


1.60 


-19.41 


0.37 


M, 


MW 


-19.19 


0.52 


1.74 


-19.46 


0.38 


Mu 


MW 


-19.66 


0.49 


2.06 


-19.90 


0.25 


^uvwl 


MW 


-18.05 


0.45 


1.39 


-18.28 


0.35 


iVj(uvwl,rc 


MW 


-17.80 


0.47 


1.54 


-18.03 


0.36 


A^uvm2 


MW 


-15.91 


1.10 


3.03 


-16.45 


1.00 



'^A linear fit to the absolute magnitudes is represented by the slope and the 
intercept at Amis (5) = 1.1 mag. 
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-1^ 




1.2 1.4 1.6 

Am^3(wl) [mag] 

Fig. 10. — The uvwl absolute magnitude and the optical decay rate Amis (5) are plotted 
with respect to the uvwl decay rate. The uvwl absolute magnitudes have been corrected 
using the MW extinction law, but the same behavior is seen with the CSLMC law. While the 
uvwl^c absolute magnitudes and Arrii^luvwl) both correlate weakly with Amirj{B), there 
is no strong correlation between the absolute magnitudes and Arrii^luvwl) , which occupies 
a narrower range than its optical counterpart. 
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Fig. 11. — uvm2, uvwlrc, and u absolute magnitudes are plotted vs. uvni2— uvwl^-c and 
uvwl^c — u colors. There is no clear correlation except in uvni2, where the absolute mag- 
nitudes (with the exception of SN 2005ke) correlate with the colors because of the large 
dispersion in uvm2 compared to uvwl^c- The uvwl absolute magnitudes have been cor- 
rected using the MW extinction law, but the same behavior is seen with the CSLMC law. 
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Fig. 12. — Absolute V magnitudes plotted with respect to the U V colors. No correla tion is 
seen to correspond with the near-UV spectral correlation found by lFoley et al.l ( l2008bh . The 
uvwl absolute magnitudes have been corrected using the MW extinction law, but the same 
behavior is seen with the CSLMC law. 
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Table 12. Colors and Red- Tail Corrections for Other Sources 



Object^ 


uvw2— uvm2 


uvm2— uvwl 


uvwl— u 


u — b 


b — V 


rc^2^ 


rct„i^ 




(mag) 


(mag) 


(mag) 


(mag) 


(mag) 


(mag) 


(mag) 


SN 1992A 


-0.49 


1.78 


1.52 


0.05 


0.21 


-0.99 


-0.38 


SN 19941 


-0.19 


1.32 


1.22 


0.85 


0.93 


-0.90 


-0.61 


SN 1999em 


-0.05 


0.80 


0.88 


-0.91 


0.12 


-0.37 


0.01 


3000 K BB 


-2.44 


3.60 


1.47 


1.05 


1.70 


(-4.85) 


-1.58 


4000 K BB 


-0.57 


2.03 


1.54 


0.36 


1.16 


(-2.25) 


-0.55 


5000 K BB 


0.10 


1.28 


1.28 


-0.07 


0.82 


-1.20 


-0.20 


6000 K BB 


0.31 


0.86 


0.99 


-0.36 


0.60 


-0.72 


-0.06 


7000 K BB 


0.37 


0.59 


0.73 


-0.57 


0.44 


-0.48 


0.01 


8000 K BB 


0.36 


0.40 


0.52 


-0.72 


0.32 


-0.34 


0.04 


9000 K BB 


0.33 


0.26 


0.34 


-0.84 


0.23 


-0.25 


0.07 


10000 K BB 


0.30 


0.16 


0.19 


-0.93 


0.15 


-0.19 


0.08 


15000 K BB 


0.12 


-0.12 


-0.28 


-1.21 


-0.05 


-0.06 


0.11 


20000 K BB 


0.01 


-0.24 


-0.52 


-1.33 


-0.14 


-0.02 


0.12 


30000 K BB 


-0.11 


-0.34 


-0.76 


-1.44 


-0.23 


0.01 


0.13 


aOi 


-0.00 


0.08 


0.53 


-0.29 


0.01 


-0.09 


0.01 


aOv 


0.00 


-0.05 


0.14 


-0.05 


0.02 


-0.06 


0.04 


bOi 


-0.11 


-0.11 


-0.45 


-1.38 


-0.20 


-0.03 


0.12 


bOv 


-0.16 


-0.32 


-0.74 


-1.35 


-0.33 


0.01 


0.13 


fOi 


-0.11 


0.98 


1.27 


0.34 


0.20 


-0.48 


-0.32 


fOv 


0.18 


0.43 


0.86 


-0.05 


0.31 


-0.28 


-0.07 


gOv 


-0.29 


1.79 


1.50 


0.02 


0.57 


(-1.70) 


-0.32 


k2v 


-0.40 


1.81 


1.49 


0.54 


0.91 


(-1.92) 


-0.56 


o5v 


-0.40 


0.47 


0.17 


-1.49 


-0.37 


-0.10 


0.10 


E 


-0.35 


1.39 


1.51 


0.67 


0.89 


-0.86 


-0.71 


Im 


-0.02 


-0.05 


0.08 


-0.54 


0.32 


-0.06 


0.08 


Sab 


-0.34 


0.90 


1.07 


0.36 


0.78 


-0.32 


-0.22 


Sbc 


-0.08 


0.23 


0.34 


-0.29 


0.60 


-0.12 


0.04 


Scd 


-0.16 


-0.23 


-0.11 


-0.29 


0.40 


-0.00 


0.08 


SFB 15 Gyr 


-0.31 


1.60 


1.29 


0.54 


0.96 


-1.30 


-0.40 


SFB 1 Gyr 


-0.09 


-0.25 


-0.28 


-0.51 


0.16 


-0.01 


0.10 
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^The first column denotes the name of the SN, temperature of the blackbody, stellar type, 
or galaxy model (age, and either continuous or a single burst of star formation (SFB) whose 
spectrum was used to calculate the colors. 

Red tail corrections are defined as the magnitude difference between observed magnitudes 
and synthetic magnitudes in a corresponding filter with no red tail such that rc„,2 = uvw2- 
uvw2rc- Red tail corrections for which the UV portion is less than 20% {rcw2 < —1-65 or 
rcwi < —1.60) are given in parentheses. 
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Fig. 13. — Flux conversion factors for the UVOT filters calculated for a variety of spectra. 
Multiplying the observed count rate in a given filter by the appropriate conversion factors 
gives the flux density the template spectrum has at the filter's effective wavelength for Vega. 
The factors are fairly constant across different spectral types in the optical for this range of 
models but vary greatly in the UV. 
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Table 13. Count Rate to Flux Conversion Factors for Other Sources 



Object** Fuvw2 Fuvm2 Fuvwl Fu F;, F„ 



SN 1992A 


2.57 


3.82 


0.97 


1.42 


1.07 


2.18 


SN 19941 


1.89 


7.97 


1.42 


1.79 


1.13 


3.10 


SN 1999em 


6.08 


6.16 


3.69 


1.74 


1.61 


2.43 


3000 K BB 


0.01 


2.90 


0.48 


1.30 


1.35 


2.61 


4000 K BB 


0.34 


5.34 


1.84 


1.49 


1.43 


2.62 


5000 K BB 


1.29 


6.71 


3.02 


1.58 


1.46 


2.61 


6000 K BB 


2.44 


7.48 


3.73 


1.62 


1.47 


2.60 


7000 K BB 


3.43 


7.92 


4.13 


1.64 


1.48 


2.59 


8000 K BB 


4.19 


8.18 


4.35 


1.65 


1.48 


2.59 


9000 K BB 


4.76 


8.33 


4.46 


1.66 


1.47 


2.58 


10000 K BB 


5.18 


8.42 


4.52 


1.66 


1.47 


2.58 


15000 K BB 


6.15 


8.51 


4.48 


1.66 


1.46 


2.56 


20000 K BB 


6.43 


8.45 


4.35 


1.66 


1.46 


2.55 


30000 K BB 


6.57 


8.34 


4.17 


1.65 


1.45 


2.54 


o5v 


5.75 


5.00 


4.59 


1.62 


1.43 


2.51 


bOi 


6.05 


7.64 


4.52 


1.64 


1.41 


2.53 


bOv 


6.31 


8.05 


4.28 


1.65 


1.43 


2.53 


aOi 


6.59 


8.16 


3.75 


1.38 


1.42 


2.55 


aOv 


6.35 


8.32 


3.95 


1.47 


1.37 


2.56 


fOi 


4.91 


7.10 


2.55 


1.18 


1.40 


2.57 


fOv 


5.12 


8.95 


3.35 


1.56 


1.40 


2.60 


gOv 


0.67 


6.80 


2.22 


1.57 


1.39 


2.61 


k2v 


0.44 


6.22 


2.37 


1.63 


1.39 


2.65 


E 


2.09 


9.38 


1.63 


1.35 


1.36 


2.61 


Im 


6.01 


8.28 


4.15 


1.43 


1.41 


2.56 


Sab 


4.91 


6.93 


2.52 


1.37 


1.37 


2.62 


Sbc 


5.94 


7.60 


3.94 


1.55 


1.41 


2.64 


Scd 


6.52 


8.18 


3.87 


1.58 


1.44 


2.58 


SFB 15 Gyr 


1.31 


7.20 


2.23 


1.57 


1.39 


2.64 


SFB 1 Gyr 


6.40 


8.13 


4.04 


1.54 


1.43 


2.56 
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'^The first column denotes the name of the SN, temperature 
of the blackbody, stellar type, or galaxy model (age, and either 
continuous or a single burst of star formation (SFB)) whose 
spectrum was used to calculate the colors. 

''The units of the flux conversion factors are 
lO^^erg cm~^A counts"^. Multiplying the observed 

count rate (in units of counts s~^ by the conversion factors 
gives the flux density (in units of erg cm^^s^^A ) at the 
Vega effective wavelengths given in Tabled! 
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Fig. 14. — Extinction coefficie nts for tlie UVOT filters calculated for a variety of spectra 
using the ICardelli et al. I ( 119891 ) MW extinction law and E{B — V)= 0.1 mag. The uvwl— 6 
color on the abscissa is the unreddened color. The factors are fairly constant in the optical 
for this range of models but vary greatly in the UV. 
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Table 14. Milky Way Extinction Law Coefficients for Other Sources 



Object*^ -RmW,uvw2 ^MW,uvm2 -RmW.uvwI RmW,u RjVIWfi RmW,v -RMW,wlrc -RmW, 



w2rc 



3000 K BB 


3.70 


6.86 


4.32 


4.83 


4.01 


3.12 


5.92 


8.76 


4000 K BB 


5.18 


7.61 


5.22 


4.89 


4.06 


3.14 


6.15 


8.88 


5000 K BB 


6.44 


7.96 


5.78 


4.93 


4.10 


3.15 


6.34 


8.90 


6000 K BB 


7.21 


8.17 


6.12 


4.95 


4.12 


3.15 


6.50 


8.87 


7000 K BB 


7.64 


8.30 


6.35 


4.97 


4.13 


3.15 


6.62 


8.83 


8000 K BB 


7.89 


8.40 


6.52 


4.98 


4.14 


3.16 


6.73 


8.79 


9000 K BB 


8.05 


8.47 


6.64 


4.99 


4.15 


3.16 


6.81 


8.76 


10000 K BB 


8.14 


8.53 


6.74 


5.00 


4.16 


3.16 


6.89 


8.72 


15000 K BB 


8.31 


8.67 


7.03 


5.02 


4.18 


3.17 


7.12 


8.61 


20000 K BB 


8.33 


8.73 


7.17 


5.03 


4.19 


3.17 


7.24 


8.55 


30000 K BB 


8.33 


8.78 


7.30 


5.04 


4.20 


3.17 


7.35 


8.49 


o5v 


7.90 


8.22 


6.62 


5.03 


4.21 


3.17 


6.71 


8.23 


bOi 


8.23 


8.64 


7.06 


5.04 


4.20 


3.17 


7.12 


8.45 


bOv 


8.31 


8.78 


7.28 


5.03 


4.21 


3.17 


7.34 


8.46 


aOi 


8.19 


8.71 


6.66 


4.94 


4.17 


3.17 


6.97 


8.60 


aOv 


8.24 


8.72 


6.82 


4.96 


4.16 


3.17 


7.08 


8.58 


fOi 


7.25 


8.41 


5.73 


4.88 


4.14 


3.16 


6.50 


8.67 


fOv 


7.90 


8.64 


6.27 


4.95 


4.13 


3.16 


6.70 


8.83 


g5v 


5.89 


7.98 


5.45 


4.93 


4.08 


3.15 


6.14 


9.07 


k2v 


5.39 


7.76 


5.26 


4.93 


4.04 


3.14 


6.23 


8.85 


E 


6.30 


8.51 


5.21 


4.87 


4.05 


3.14 


6.44 


8.78 


Im 


8.22 


8.67 


6.91 


4.97 


4.14 


3.15 


7.09 


8.53 


Sab 


7.41 


8.45 


5.85 


4.91 


4.07 


3.14 


6.51 


8.45 


Sbc 


8.04 


8.56 


6.61 


4.99 


4.11 


3.14 


6.84 


8.49 


Scd 


8.27 


8.77 


7.09 


4.97 


4.13 


3.15 


7.28 


8.47 


SFB 15 Gyr 


5.96 


8.03 


5.42 


4.92 


4.04 


3.14 


6.25 


8.81 


SFB 1 Gyr 


8.30 


8.77 


7.13 


4.99 


4.15 


3.16 


7.27 


8.51 


SN 1992A 


6.44 


8.06 


5.45 


4.91 


4.16 


3.16 


6.11 


8.63 


SN 19941 


6.32 


8.30 


5.35 


4.88 


4.10 


3.14 


6.49 


8.70 


SN 1999em 


7.63 


8.37 


6.18 


5.00 


4.16 


3.16 


6.41 


8.64 
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'^The first column denotes the name of the SN, temperature of the blackbody, stellar type, or galaxy model 
(age, and either continuous or a single burst of star formation (SFB)) whose spectrum was used to calculate 
the colors. 



'The extinction coefficients correspond to Rmw,x = ^MW,x/E{B — V). 
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Fig. 15. — Extinction co efficients for tlie UVOT filters calculated for a variety of spectra 
using the iGoobar I (120081 ) circumstellar LMC extinction law and E{B — V) = 0.1 mag. The 
uvwl— 6 color on the abscissa is the unreddened color. The factors are fairly constant in the 
optical for this range of models but vary greatly in the UV. 



Table 15. Circumstellar LMC Extinction Law Coefficients for Other Sources 



Object^ -RcSLMC,uvw2 -RcSLMC,uvm2 ^CSLMC,uvwl RcSLMC,u RcSLMC,b RcSLMC,v -RcSLMC,wlrc -RcSLMC,w2rc 



SN1992A 


8.76 


12.57 


6.05 


4.68 


3.06 


1.81 


7.62 


14.63 


SN1994I 


8.59 


13.19 


5.87 


4.61 


2.96 


1.78 


8.55 


14.73 


SN1999em 


11.90 


13.39 


7.80 


4.92 


3.06 


1.81 


8.36 


14.71 


3000 K BB 


2.86 


9.43 


3.72 


4.47 


2.84 


1.77 


7.15 


14.44 


4000 K BB 


5.76 


11.35 


5.56 


4.63 


2.91 


1.78 


7.69 


14.82 


5000 K BB 


8.65 


12.26 


6.83 


4.72 


2.96 


1.79 


8.15 


14.95 


6000 K BB 


10.56 


12.81 


7.64 


4.79 


2.99 


1.80 


8.53 


14.98 


7000 K BB 


11.72 


13.18 


8.20 


4.83 


3.02 


1.80 


8.85 


14.96 


8000 K BB 


12.44 


13.44 


8.61 


4.87 


3.03 


1.80 


9.12 


14.93 


9000 K BB 


12.90 


13.64 


8.92 


4.89 


3.05 


1.80 


9.35 


14.8^ 


10000 K BB 


13.20 


13.79 


9.18 


4.92 


3.06 


1.81 


9.54 


14.8^ 


15000 K BB 


13.83 


14.19 


9.95 


4.98 


3.09 


1.81 


10.17 


14.74 


20000 K BB 


14.01 


14.35 


10.34 


5.00 


3.10 


1.82 


10.51 


14.68 


30000 K BB 


14.13 


14.50 


10.70 


5.03 


3.12 


1.82 


10.84 


14.62 


o5v 


13.14 


13.06 


8.93 


5.03 


3.14 


1.82 


9.17 


14.23 


bOi 


13.85 


14.13 


10.05 


5.03 


3.11 


1.82 


10.22 


14.55 


bOv 


14.11 


14.49 


10.66 


5.02 


3.13 


1.82 


10.81 


14.59 


aOi 


13.53 


14.29 


9.03 


4.74 


3.08 


1.81 


9.79 


14.74 


aOv 


13.71 


14.33 


9.45 


4.81 


3.05 


1.81 


10.09 


14.71 


fOi 


10.92 


13.48 


6.73 


4.58 


3.03 


1.81 


8.58 


14.76 


fOv 


12.49 


14.08 


8.02 


4.79 


3.01 


1.80 


9.07 


15.01 


g5v 


7.31 


12.33 


6.07 


4.73 


2.93 


1.79 


7.67 


15.31 


k2v 


6.23 


11.75 


5.66 


4.74 


2.87 


1.78 


7.89 


14.80 


E 


8.64 


13.72 


5.57 


4.55 


2.90 


1.78 


8.44 


15.04 



Table 15 — Continued 



Objecf^ 


-RcSLMC,uvw2 


-RcSLMC,uvm2 


-RcSLMC.uvwl 


RcSLMCu 


RcSLMC,b 


RcSLMCv 


-RcSLMCwlrc 


-RcSLMC,w2rc 


Im 


13.74 


14.20 


9.66 


4.83 


3.03 


1.80 


10.11 


ol4fii6®ngle burst of sta 


Sab 
Sbc 


11.65 
13.26 


13.61 
13.92 


7.06 
8.90 


4.66 
4.89 


2.93 
2.97 


1.79 
1.79 


8.63 

9.48 


Tne extinction coef 
14.58 


Scd 


13.98 


14.48 


10.17 


4.83 


3.01 


1.80 


10.65 


14.60 


SFB 15 Gyr 


7.65 


12.47 


6.02 


4.72 


2.88 


1.78 


7.93 


14.97 


SFB 1 Gyr 


14.02 


14.46 


10.26 


4.90 


3.04 


1.80 


10.60 


14.64 
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